CHAPTER I. 


THE NATURE AND SELECTION OF CLAYS-THEIR SPECIAL 

SUITABILITY FOR CERTAIN PURPOSES-SAND, BREEZE, 

AND OTHER MATERIALS USED. 

Bricks and tiles may be made from a large number of different 
kinds of material but they must usually possess a certain amount 
of plasticity. 

The plasticity of clay is a property which distinguishes it 
from nearly all other mineral substances, and may be defined 
as the property of a body which enables it to absorb water in 
such a manner that the properly moistened body yields to 
mechanical pressure, but, when the pressure has been removed, 
the shape of the body remains as though the pressure were still 
acting upon it. 

The cause of plasticitylis pr.actically unknown, but it appears 
to be closely related to the ability of each clay particle to sur¬ 
round itself with a coating of water sufficiently large to produce 
plasticity, but insiifficient to cause the body to lose its shape when 
the external pressure is removed. 

Clay or brick earth is almost the only substance of a mineral 
nature which possesses this plasticity, and then only when it is 
what geologists term “ secondary clay,” that is to say, clay which 
has been carried a considerable distance from the place where 
it was originally' formed. 

No satisfactory definition of “ clay ” is possible owing to its 
peculiar nature, though the development of plasticity when wet 
is its main characteristic. The term “ brick earth ” is much 
more suitable for general use, as meaning those clays, or mixtures' 
of clay with other materials, which can be employed in the 
manufacture of bricks and tiles. 

Strictly speaking, the term “ clay ” should be reserved for a 
certain hydrated silicate of alumina, or at any rate for earths 
chiefly*t!ompo8ed of this material, unless the word is prefixed by 
another as “boulder-clay,” “sandy-clay,” etc. 
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The term “ clay substance ” is usually employed to denote 
the essential material in all clays, but the composition of this 
varies so greatly when different clays are treated by different 
processes for removing the other ingredients that the term has 
acquired a variety of meanings according to the person employing 
it. Thus Segcr (who originated the term) employed it to represent 
a theoretical material, the nearest practical approach to which 
was obtained by^carefully washing china clay and then treating 
this purified product with suljjhuric acid, soda, etc. In this way 
he obtained a series of analytical results which were fairly 
constant for most varieties of clay, though the pure “clay 
sulistance ’’could only be won from certain clays; its proportion 
in the others was deduced from the analysis of the partially 
imrified material. ' 

The use of the term “clay substance ” for the finest particles 
obtained by washing a commercial clay is unsatisfactory and 
should not be used. Much reform is necessary in the nomen¬ 
clature of clays, as at present there is no agreement as to the 
precise meaning of “ clay,” “clay su))stance,” and other terms. 

“I'riniary clays ” (i.e. those I'ound near to the place of forma¬ 
tion by rock decomposition) are usually lean or deficient in 
plasticity. “ (!hina clays ” (Kaolins) are of this kind. 

Under the action of water and other geological agencies, 
these slightly ]>lastic primary clays may be ground, carried 
about from one place to another, undergoing purification or 
contamination in the jirocess, until they are finally deposited in 
a more ])lastic condition in beds or seams, when they form 
secondary deposits as surface-clay, bed-clay, shale, fire-clay, 
bonlder-clay, etc. 

The dogi’ee of imrity of a clay deposit must dei)end oji the 
nature of the treatment it has received since its first formation 
by the breaking down of the felspar rocks which are, as far as 
is known, the original sources of all clays. 

Red clays are those which have been J'ormed from felspar 
rocks rich in iron oxides, or which have taken uj) this substance 
during their conversion into plastic clays. 

When no more than a very small projiortion of iron oxide, lime, 
magnesia, and alkalies is present a fire-clay or kaolin is produced 
and burns to a white or cream colour according to the proportion 
of colouring oxide present. 

The exact processes which occur in the formation and de¬ 
position of clays is only of secondary interest to the brick and 
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tile maker; he has to deal with the clay deposits at his disposal, 
and has no control of their formation. It is very important, 
however, that he should know a little of the origin of any 
deposit ho is called upon to work, or about which his opinion is 
being asked, as clay deposited by rivers must usually be worked 
differently from that deposited in a lake, tlie water from wliich 
has afterwards disappeared. 

As the primary clays (kaolins) are often very pure, they are 
not usually employed for brickmakingand need not bo considered 
at present, though some makers have found considerable profit 
in utilizing the waste material produced by tJio washing of these 
clays. 

The sec^ondary clays may be divided into three groups: (a) 
river deposits (Huviatile); (b) lake deposits (lacustrine); (c) sea 
deposits (imirino). 

Iliver Deposited Clays .—River dejiosited clays are in lieds of 
small sizes and of very irregular thickness ; they are formed by 
thei jiarticles of decomposed rock carried along by the river 
settling out when the speed of the river is reduced, as at the 
bond of the river. They are usually rich in fossils, and it is not 
unusual for them to change in clniracter very freipiently. Thus 
the necessity of working a relatively large area of only a small 
deiith is a gi'eat disadvantage in tho iiroduction of the best 
(lualitios of bricks and tiles from this kind of clay. 

Tn spite of Ibis, the clay deiiosited by the Thames has been 
very largely used for brickmaking in tho neighbourhood of 
London, and the lower deposits of clay made by this river reach 
as far as Leighton Buzzard and Seven Oaks respectively, and 
even beyond. 

The difficulties of working river clays are particularly well 
shown in tho case of tho London clay, of which it has been said 
with much truth that “London clay inevitahly spells ruin to the 
brickmaker not thoroughly familiar with its Jiature, for it is too 
strong to he us(h 1 alone and no non-plastic material suitable for 
mixing with it (grog) is found in its neighbourhood. Yet when 
properly worked, no bricks can withstand the trying conditions 
of tho London atmosx>horo as well as ‘ stocks ’ made froui London 
clay.” A study of fig. 1 will show that great care is needed to 
ensure that the clay used is really London clay, as it is very easy 
to con&iso it with others which possess the same soapy shell¬ 
shaped fracture as the dried Loudon clay, though they are really 
quite different and must be treated separately. 
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fn addition to the shallowness of the deposits, the stones 
found in clays of this kind often cause serious trouble, and alto¬ 
gether the working of fluviatile clays is less certain, more com¬ 
plicated, and far less profitable than the use of the lake deposits 
or marine clays. 

The rapidity with which rivers change their beds produces so 
great a variety in the nature and composition of the clay deposits 
that it is quite usual to find in neighbouring brickyards clays 
which have been deposited by the same river, but which are 
entirely different in their origin, nature, and properties. On 
this account methods of treatment which may be successfully 
employed in one yard may be quite unsuitable for another near 
by. This is a matter which must never be overlooked by the 
briokmaker. 

Boulder-Clay has been produced in a similar manner to river 
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clays, but the river has been replaced by a glacier; it is usually 
seriously contaminated with sand and stones of a limy nature’, 
and is difficult to work satisfactorily into other than comjnon 
bricks. 

Lake Deposited Clays .—Clays of lacustrine origin are in many 
ways similar to those deposited by rivers, but when extensive 
(as is usually the case) they are easier to work, because the 
deposits of differing composition may be more accurately mixed 
or separated. 

Some of the most typical lacustrine clays are those of the 
Isle of Wight; unfortunately their situation and shallowness 
greatly detract from their commercial value. 

The Reading mottled clay, which also occurs in Ifrance, is the 
product of another lake. 

At Bovey Heathfield, near Newton Abbot, lacustrine clays of 
perfectly regular character occur and are over 150 feet deep, but 
this is exceptional in England. 
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Sea Deposited Clays .—The extent of marine clay beds is almost 
incredible, as they often stretch for hundreds of miles with a 
depth of thirty feet or more throughout the entire area. Their 
composition is remarkably uniform, and consequently tiiey 
possess innumerable advantages over other kinds of clay. 

The impression that they contain salt in excessive quantities 
is quite erroneous. 

The fact that these marine deposits are almost free from fossils 
and remains of the higher animals points to their great antiquity, 
and the presence of sea-shells clearly indicates their origin. 

Good marine clays, of which the famous Oxford clay is the 
best known in this country, cannot be but highly appreciated, 
but marine deposits of certain compositions can never be used 
satisfactority. Many such deposits are rendered entirely useless 
by the excessive quantity of lime (“ shell ”) they contain, whilst 
others are so excessively plastic as to be unusable without the 
addition of some non-plastic material, though this latter is seldom 
found near them, and the present prices of ordinary bricks will 
not permit it to bo made by calcining raw clay. 

Rock Clays are those which have been compressed owing to 
their situation, and are properly known as shales, slates, and fire¬ 
clays. The great compression has resulted in the consolidation 
of the clay, so that it has to be broken down either by the weather 
or by mechanical means before it can be used. Such clays are 
not found plastic, but become so on grinding and mixing with 
water. 

Shale is the ge]ioral name given to clay rocks which are 
laminated, and so split easily into thin layers. They vary in 
hardness and in colour, and are usually moderately jmre. Some 
of them, being rich in iron, burn to a red or blue colour, whilst the 
pure ones (fire clays) are buff coloured when burned. 

Most shales contain a small projiortion of carbonaceous matter 
which is expelled on heating. In some cases, as at Peterborough, 
so much of this matter is present as to render the use of coal or 
other fuels in the kilns almost unnecessary. Many shales are 
seriously affected by the jwesence of nodules of pyrites, marcasite, 
and allied compounds of iron, which form spots of fair size in the 
fired goods and so spoil their appearance. 

Shales are commonly found near the coal deposits, particularly 
in thq^orth of England, and often extend to enormous depths. 
The Accrington shale is particularly famous, the analysis given 
(xf a shale from Whinney Hill, Accrington, being typical:— 
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Silica. 

. 61-46 

Alumina ' . 

. 24-84 

Protoxide of Iron . 

. 5-59 

Sesquioxide of Iron 

. 1-30 

Lime. 

-60 

Magnesia .... 

. 2-42 

Combined Sulphuric Acid . 

-23 

Alkalies. 

-32 

Organic Matter and Water . 

. 3-24 


This shale produces fine red facing bricks. 

Slate is really a compressed clay, hut owing to impure com¬ 
position cannot usually he made into bricks, though some slates 
which are worthless to builders may produce good common 
bricks. 

Kiiotts Clay .—Near Peterliorough (which is situated on the 
Oxford clay already mentioned) Knotts clay is found. This 
clay is highly valued ; it has all the characteristics of shale and 
is-rich in combustible matter, whilst its enormous depth and 
area, together with its regularity and composition, enable it to 
be made into bricks and fired at less than the cost of the fuel 
alone for bricks in some other parts of the country. The clays 
on the east and south of Peterborough can be most cheaply 
worked by the Bemi-i)lastic process, and everything is in favour 
of their being used for the production of a common brick at a 
remarkably low price. 

Fire-clay is found throughout the coal measures. That in the 
neighbourhood of Stourbridge is highly prized, but carefully 
selected materials from North Wales, North Cumberland and 
Durham,, Teign Valley in Devonshire, South Yorkshire and 
Derbyshire, Leicester, and the district around Glasgow, Kilmar¬ 
nock, etc., in West Scotland, are equally satisfactory as refractory 
materials. The Irish firc-edays arc usually of inferior quality. 

The composition and qualities of lire-clays vary very greatly, 
and many varieties are known. The best type of fire-clay con¬ 
tains almost as much alumina as silica, but in the North of 
England the fire-clays used contain nearly twice as much silica 
as alumina. The highest grades of fire-clay are difficult to work 
on account of their low plasticity, but highly refractory clays 
which are at the same time plastic are very valuable on account 
of their scarcity. The flre-tdays from the Midlands and Devon¬ 
shire are specially noted for their suitability for the manufacture 
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of salt glazed sanitary goods. Those of Northttinoerland, Yorlc- 
shire, and West Scotland, have an equal importance in the 
manufacture of sanitary ware anch-’glazed bricks. In the south 
of Yorkshire a material, corresponding to silica, with about 10 
per cent of plastic clay and known as “ ganister,” is found in large 
quantities. Similar material is found in Dowlais (Wales), and 
Gartcosh (Scotland). The best ganister contains from 87 to 06 
per cent of silica, with 4 or 5 per cent of alumina. 

A more highly siliceous material is found in various parts of 
the country, and especially in the Vale of Neath in Wales. This 
is used for the manufacture of Dinas or silica bricks. It is not 
a clay, strictly speaking, but a powdered rock consisting almost 
entirely of quartz, though the term “ clay ” is often applied to it 
in the places where it is found. 

The value of a refractory clay consists in the possession of 
particular characteristics. It may best be ascertained from a 
consideration of its behaviour in the following directions repro¬ 
duced here from “ Modern Olayworking ”:— , 

(a) Its resistance to high temperatures. 

(h) Its resistance to pressure at high temperatures. 

(c) Its non-absorptive power at any temperature. 

(d) Its uniformity in size and eomjwsition. 

(e) Its expansion and contraction due to heating and cooling 
while in use. 

(/) Its resistance to the cutting action of the furnace flame, 
to the abrasive action of molten metal, and to the searching 
action of certain slags and metallic oxides. 

(ff) Its resistance to the reducing or oxidizing atmospheres in 
the furnace. 

(h) Its resistance to ordinary wear and tear and to accidental 
blows. 

It is, however, seldom that all these conditions can be 
realized at once, and that clay should be chosen which combines 
the most advantageous characteristics. Thus, a good second- 
class clay made up into bricks of a uniform size, of sufficient 
hardness, with low contraction and highly infusilile, would be 
far pi’eferable in practice to one which might have a lower 
j>ercentage of alkalies and was, therefore, loss fusible but lacked 
some other qualities. 

Most of the al)ove characteristics must be ascertained by a 
practical test, made for the puiq)ose, but some of them can be 
deteBinined by observation and analysis. Usually, the actual 
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ralue of a refractory clay can only be asoertalnod as the result 

an extensive series of tests, which must be of a chemical as 
well as a physical nature. 

Fire-clays bum to a white or cream colour, though some of the 
less pure ones are reddish in tone. 

THE COLOUR OF BRICKS. 

When heated, clays change their colour and produce bricks 
which may be white, cream, brimstone yellow, dark yellow, 
buff, red (terra-cotta), brown, black, blue, grey, or any combina¬ 
tion of these colours. The tint produced depends on the com¬ 
position of the clay and the natm'e of the heating. 

White Bricks .—A perfectly white luick is practically unknown, 
as it requires the use of clays of such jnirity as to make them 
too expensive for this purpose. When the effect of perfectly 
white bricks is retiuired it is usual to cover bricks of inferior 
clay with a mixture of better quality which will produce the 
required results. This process is known as “ bodying ” (see 
“ glazed bricks ”). 

Suffolk Bricks and others of whitish colour may bo produced 
by making mixtures of certain clays and chalk, or by using 
such mixtures of chalk and clay as occur naturally in some 
districts and are known as marls. 

Gault beds are of this character and contaiji about one-third 
of their weight of chalk. They are chiefly used in conjunction 
with other clays for the production of the “white Suffolk ” brick 
already mentioned. Similar bricks may be made by the addition 
of a sufficient quantity of chalk to almost any red-burning clay. 

. Marls or Malms are clays that have become mixed with chalk 
or limestone during their formation, and form one of the most 
important sedimentary deposits. In South Staffordshire and in 
some other districts the term “ marl ” is incorrectly used to 
indicate clay or brick earth. True miurls always contain chalk. 

In Nottinghamshire and in some other districts, clays are 
formed which contain so little chalk that they produce excellent 
red bricks. In such cases it is preferable to consider these as 
mild clays, though the local brickmakers invariably speak of 
them as marls. The local name is correct so far as the general 
clay deposits are concerned, as these turn to a creamy white, 
or to a dirty straw colour, but should not be applied to the red- 
burning clays in those districts. 
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If the chalk and clay are in the con-ec’t proportions, the marl 
may be used at once for brickmaking. This is, however, seldom 
the case. Marls which are deficient in clay must have some 
clay added, and those which are deficient in chalk must have 
this material added in a finely powdered condition. The mixing 
of the ingredients is usually effected by treating each separ¬ 
ately with water, reducing the whole material to a slip or slurry, 
and mixing these liquids in the correct proportions. The mix¬ 
ture is then allow;ed to settle until, either by running off the 
water or by evaporation, a marl of the proper consistency'is 
obtained. 

The chalk dimijiishes the contraction of the clay during the 
drying and burning; it also acts as a Hux, producing a uiucli 
strong('r briftk than would otherwise he tlie case, and, in addition, 
it forms a .white or cream coloured compound with the iron 
oxide in the clay, and so inoduces a brick which is nearly white 
in colour. In some cases the inoportion of chalk or similar 
material in these clays is large and not in ii very fine state of 
division ; the bricks made from it will fall to ]iie(!ee on exposmre, 
owing to the presence of uncomliined lime in them which 
“blows’’and disintegrates the bricks containing it. 

The amount of chalk which may be iwesent in the marl or 
mixture used for brickmaking should not exceed 25 per cent, and 
if the original marl contains more than this (as is often the case) 
sufficient clay must bo added to reduce the chalk in the mixture 
to this pro])ortion. In many cases bricks should not be made 
from marls containing more than 12 j'er cent of chalk, and for 
red bricks not more than 5 jier cent should bo present. White 
bricks (or the nearest to white commercially obtainable) are 
chiefly made in Devonshire, Dorsetshire, (Cambridgeshire, Norfolk, 
Suffolk, and Essex. 

Yellow Bricks are made in the neighliourhooil of London and 
in all other places where the clays found are suitable for brick¬ 
making, yet do not contain sufficient iron to ])roduce a red 
brick, though in some cases the natural colouring effect of the 
iron is obscured by the itresonce of chalk or lime comimunds, 
as in the marls just mentioned. The precise shade of yellow 
produced depends on the proportion of impurities in the clay 
and on the nature and extent of the firing. 

Bed tfiricks are produced in almost any part of the country. 
Some of the finest reds are made in Leicestershire, Hampshire, 
and Berkshire, Ruabon, and Accrington in Lancashire, Imt 
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sufficiently pleasing shades of reds are obtainable with care with 
clays in many other districts. The chief substance to which the 
red colour is due is the iron oxide in the clay, and to produce a 
pleasing shade of red a clay must contain at least 4 per cent of 
this material, and must be nearly free from lime compounds 
which would detract from the colour. The addition of iron 
oxide to clay to improve the colour is seldom satisfactory. 

Bagshot clays are well known for the excellent red colour of 
the bricks produced from them. The Oxford clay burns to a 
lighter tint. With Midland and Western clays almost every 
variety of shade can be obtained. Most surface clays can be 
burned to a good rod colour, though there are some notable ex¬ 
ceptions. 

Many shales also produce bricks of a fairly good‘red colour, 
but the sources of red-burning bricks are so numerous as to make 
a complete list impossible. 

Red-burning clays are popularly divided into two classes, 
“ strong ” and “ mild ” or “ loamy ”. 

Strong clay is highly plastic and, in a certain sense, may be 
regarded as pure clay. It is generally free from stones, sand, 
chalk, or other non-plastic material, and is liable to crack and 
become misshapen in the kilns and to shrink excessively. This 
difficulty may be removed by mixing it with sand, crushed rock, 
grog, ashes, or other non-plastic material in order to open it and 
diminish the shrinkage. 

On account of its jdasticity and stickiness, strong clay is 
very difficult to work, but with sufficient non-plastic material 
available it usually forms an admirable brickmaking material. 
Without this addition the attempt to work it is almost certain 
to end in failure. Unfortunately the ty]ucal strong clay near 
London is not found contiguous to suitable non-plastic material. 
It must, therefore, be mixed with ashes (breeze) in order to 
reduce its shrinkage, and to permit it to be more easily dried 
and fired. Strong clays when free from stones are referred to as 
“ pure ” by brickmakers, other strong clays are known as “ foul ” ; 
the latter are to be abhorred unless the brickmaker is unusually 
skilled or takes up the manufacture of bricks for other than com¬ 
mercial jiurposes. 

Loams or mild clays contain a considerable ])roportion of 
gravel or sand, so that they are less liable to warp or shrink ex¬ 
cessively than the strong clays. 

When excessively sandy, the texture of the earth is so loose 
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that the addition of chalk or clay is necessary to bind the mass 
together, but when of medium plasticity the mild clays are 
among the best for brickmaking purposes. The majority of 
clays used for brick and tile making are of a mild character; 
■others must be made so by the addition of suitable non-plastic 
materials. The term “loam ” is commonly restricted to certain 
light sandy clays, the term “ mild ” clay being much broader in 
meaning. Highly sandy clays are particularly used in the 
manufacture of “ cutters ” and “ rubbers,” though these bricks are 
often made from more plastic clays to which a suitable proportion 
of sand has been added. 

Terra-cotta is made from any line red-burning clay, but the 
best varieties require material which has been many times de¬ 
posited by*natural causes in order that it may be sufficiently 
fine in texture; it must also produce a pleasant colour when 
fired. For “terra-cotta work, clay' should he moderately porous 
when burned, should contain sufficient flux to give it a slight 
natural glaze when fired, and should be sufficiently fine to enable 
the most delicate carving to l)e satisfactorily carried out. 

The precise sha<le of colour produced by a red-burning clay 
cannot be foretold, as it depends so much on the state of iron 
oxide in the clay, the nature of the firing, and other conditions 
of manufacturing. Clays which burn to an unsatisfactory colour 
cannot, as a rule, be improved by the addition of iron oxide, 
as this material when artificially prepared never gives the same 
colour as when it occurs naturally in the clay. Attempts to 
improve the colour of red-))urning clays must therefore be con¬ 
fined to the purification of the clay used, to tlie addition of other 
clays, or to an alteration in the method of firing. 

At Kuabon, terra-cotta is made from a rock clay to which 
one-third of its weight of brick dust is added. 

■Where teiTa-cotta is required to be of a buff or cream colour 
most fire-clays may be used in its production, but the most 
suitable terra-cotta clays are those near Poole, Tamworth, 
Ruabon, and in Devonshire; smaller deposits being found in 
many other parts of the country. 

The term “ terra-cotta ” usually applies to olijects of a certain 
shade of red, but originally it was used for all kinds of baked 
earth. At the present day any vases and similar objects made of 
unglazed clay are classed as “terra-cotta” ry dealers, quite 
irrespective of their colour. 

As. the best terra-cotta clays occur in only a few localities. 
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many manufacturers prepare artificial mixtures which they 
grind to the requisite fineness. 

Broton Bricks .—Brown bricks are made of clays which have 
a different composition and texture to red bricks, though in 
many respects they are very similar. Many impure shales, for 
example, contain so much fluxing material that they vitrify 
before the temperature is reached at which the full red colour of 
the iron oxide is produced, and consequently a brown brick of 
more or less pleasing appearance is produced. Some red ttricks 
which are over-heated also produce a brown colour. 

Blm or Black Bricks are chiefly made in Staffordshire from a 
clay very rich in iron oxide. When under fired they are reddish 
in colour, the blue being only developed at a high temperature. 
In Germany and some other parts of the world wh?re no clay 
suitable for blue ))ricks is to be found, artificial means are 
employed to produce the colour; these arti not so satisfactory as 
bricks ntade from the Staffordshire clay. Staffordshire blue 
bricks are partly vitrified, extremely hard, and with a glazed 
surface. They are almost invariably used whore great strength 
is necessary, and are very highly thought of for engineering 
inu'poses. 

The material used in Staffordshire for the production of blue 
and red bricks is a friable kind of clay which is heated to such 
a temperature as to bring alioutajiartial vitrification and reduc¬ 
tion of the iron oxide. Marls and clays suitable for brickmaking 
are very abundant in Staffordshire, and a most extensive Ijed of 
red “ marl ” runs in an almost unbroken line from north to south 
throughout the county. 

Grey Bricks are of two kinds, this term being sometimes used 
for a variety of blue bricks and soumtimes fora kind of red- 
burning brick, the (lolour of which has not been fully developed, 
or which has been hidden by a kind of “ scum,” as in the grey 
bricks of Lancashire. 

GENERAL CHARACTERISTICS OF BRICKS. 

A thoroughly good brick should be regular in shape, texture, 
and colour, equally and perfectly burnt throughout, and should 
be free from all cracks and flaws—even though they be hair- 
cracks—sharp in the anises, and should give out a clear ringing 
sound when struck either with a stone, another brick, or a piece 
of metal. For many purposes, however, it is umiecessary to 
insist upon all these qualities, any hard and well burned* brick 
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will suffice for foundations and internal work which is to be 
subsequently oov'ered; and for such purposes rougher and 
■cheaper bricks are frequently the more useful, affording a better 
key for plastering than those with a smooth surface, and often 
being better weight carriers than soft, well-finished, facing bricks. 

Sandy and absorbent bricks should not be used in foundations, 
nor in external walls likely to be exposed to water or driving 
rain. Such bricks are generally soft and do not weather well, 
being frequently under-burned ; and by retaining moisture they 
encourage the growth of lichen and climbing plants, which all 
gather and retain damp. 

Soft, under-burned bricks are valueless. No brickmaker with a 
reputation to lose will sell them, preferring to pass them through 
the kiln a second time, or to crush them for sand or grog. On 
the other Jiand, a remarkably non-absorbent brick, heavily 
pressed and highly burned, may have too smooth a face to adhere 
readily to mortar, especially in summer time, in spite of a good 
wetting. 

Over-burned bricks will melt and run together forming 
“ burrs,” which are useless except to be broken up for road metal 
or concrete. 

Faulty bricks are more often met with amongst those which 
are hand made, hack dried, and clamp burned, than amongst those 
which are, machine made, chamber dried, and kiln burned. To 
give a complete list of all the different kinds of bricks now made 
in this country is almost impossible. But the following are the 
most important when bricks are classified by their (1) colour, 
(2) place of origin, (3) method of manufacture, (4) use, (6) 
quality. The various colours of bricks have been mentioned 
on page 8. It must be remembered, however, that in different 
localities the colour may be known by a different name, and 
bricks of different colour are often classified as if they were all 
of one shade, so that sorting them on a basis of colour alone is 
not always satisfactory. 

The place of origin of bricks and tiles is also misleading in 
many cases, because the successful use of these goods from one 
locality often leads to their imitation by firms in other districts, 
and it is becoming customary with certain classes of goods to 
name them after the place from which such bricks were origin¬ 
ally j^'oduced, though the particular samples offered for sale 
may never -have been near to it. Goods which are classified 
according to the place of origin are easily recognized, as most 
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of them bear some title and imprint upon them. In many cases 
they are specified under the name of the district from which 
they are supposed to come, as Flettons, Accringtons, London 
stocks, Bath iiricks, etc. 

Fletton Bricks, sometimes known as “ Flettons,” are made by 
the semi-dry or semi-plastic process from clay found in the 
neighbourhood of Peterborough. The ([uality and colour vary 
greatly, but as the bricks are cheaj), and generally used where 
colour is unimportant, they command a good sale. The best are 
of a good red colour, but most of them have a yellowish tinge; 
they are very smooth on the surface, and it is sometimes found 
that plaster will not adhere to tliem satisfactorily. 

Bath Bricks are made near Bridgwater, in tl\6 West of 
England, from a very siliceous clay, they are only slightly heated 
and are not used for constructional purposes. • 

Accrirujton Bricks have gained a high reputation for their red 
colour and strength, and Leicester bricks, together with those from 
many other districts, have a more local reputation for size, 
colour, and strength. 

London Stocks are made for many miles round London, but the 
term “ stock bricks ” is used in many other parts of the country to 
denote the particular kind of brick made for general use in any 
district. The London stock brick is coarse, hard, and strong, 
with a grey, yellow, or, occasionally, rod colour. They are fre¬ 
quently cracked superficially, and are very irregular in structure 
and colour, but if well t)urned are excellent for general purposes, 
being partly vitrified and stronger than their appearance would 
indicate. London stock Iwicks are classified locally under a 
number of different terms according to their (juality. 

Under methods of manufacture may be i>laced:— 

Dry-Dust Bricks, made as the name indicates from powdered 
clay without any addition of water. This method is not often 
used for bricks, though very popular for tiles. The material 
must contain suflicient flux to land the particles together during 
firing. 

Semi-Dry or Semi Plastic Bricks are made from material which 
is almost but not quite dry. This method of manufacture has 
for some time been very popular on account of the cheapness 
with which it enables bricks to be made, but it is now being 
replaced by the stiff-plastic process. The most important centres 
of semi-dry or semi-plastic bricks (the terms are identical in 
moaning) are Accrington and Peterborough. 
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Stiff Plastic Bricks are made from a paste which is worked 
through machines in as stiff a condition as possible, so as to save 
time and expense in drying the bricks. This method of manu¬ 
facture is rapidly increasing in popularity. 

Plastic Bricks are those made from clay which has been con¬ 
verted into a highly plastic paste, or in which the plasticity has 
been developed as fully as possible. All hand-made bricks and 
tiles are of this kind, but the term is also used in connexion with 
machine-made goods, particularly with loamy clays. The main 
difference between this and the stiff-plastic process is the greater 
quantity of water added to the clay, which necessitates thorough 
treatment and more careful drying. 

Sand-Faced Bricks are largely used in the South of England 
for exterior w'ork. Tliey are characterized by a good red colour 
which is veiy even in tone, but are soft and highly absorptive 
on account of the clays from which they are made. The name 
is derived from the mould being sju'iuklod with sand to prevent 
the clay from adlioriiig to it, instead of using water for this pur¬ 
pose as in slop-moulded bricks. Incidentally the sand, if properly 
chosen, produces an improvement in the colour of the bricks. 
As a rule they are not very durable, and only those which “ ring ” 
well should be used for best work. When really well made they 
are in every way excellent for buildings in the country and 
smaller towns. 

Marl Faciw) Bricks are those made near London to be used 
along with stocks, to which they are distinctly superior for out¬ 
side work. 

liubbers and Cutters are soft bricks made from sandy loams, 
and will bear cutting and rubbing to any rec^uired shape. They 
are used for making bricks of special shapes for arches, carved 
work, etc., being cut or rubbed down after the completion of firing 
(usually on the building site). Consequently, they must be of 
the same colour throughout and should be of such a nature that 
the interior as well as the exterior of the brick can resist the 
weather. White, red, and buff rubbers are made, though the red 
ones are most popular. 

Slop-Moulded Bricks are made, as the name indicates, from a 
soft paste or “ slop ”. They are necessarily hand made, the 
mould being wet with water to prevent the clay from sticking to 
it, instedd of being covered with sand as in the manufacture of 
sand-faced bricks. 

Pressed Bricks are those which have their final shape given to 
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them by means of a press, but the term is also used for most 
machine-made bricks. They are usually heavier and denser 
than hand-made bricks or “ wire-cuts ” and are often perforated, 
or provided with “ frogs ” to lessen their weight. Pressed bricks 
should be perfectly uniform in size and shape and should have a 
smooth surface and arrises. They usually require great care in 
drying and in manufacture generally, but are certainly the most 
accurately formed of all bricks and tiles. 

PoUahed Bricks are not really polished, but are rubbed on an 
iron plate so as to produce a moderately smooth surface. They 
were originally made to compete with pressed bricks, but are 
now seldom seen. 

Clamp Bricks are those which have been fired in a temporary 
kiln known as a “ clamp ”; they are usually irregular in shape, 
but are useful in many cases where a better grade of brick can¬ 
not be obtained, as in new districts and in the Colonies. 

Glazed Bricks are those having their surface covered with a 
glaze so that they are more easily kept clean, or so as to produce 
a definite artistic eflect. By the use of an intermediate layer 
of white or coloured clays between the brick and the glaze, 
beautiful decorative effects may be obtained. 

The uses made of bricks gives rise to the following names 
amongst others;— 

Fire-bricks are those made from clay with a great power of 
resistance to heat. They vary greatly in (jiiality, shape, and size, 
and are chiefly used for furnace lining. Fire-bricks must be 
almost free from metallic oxides, and are usually of a pale cream 
colour. Low grade fire-clays are largely used for the production 
of paving bricks, sanitary ware, and building bricks. 

Paving Bricks are chiefly made of a clay which vitrifies in the 
kiln, as it is found that such bricks have a greater resistance to 
traflic than more porous ones. They are blue or yellow in colour 
and are sometimes known as “ clinkers ”. 

Clinkers are small, well-vitrified bricks used for paving. In 
this country they are commonly yellow in colour, but the same 
term is used for any vitrified brick. 

Engineering Bricks are used in the construction of railways, 
bridges, and other civil engineering work. They must be of great 
strength and durability, and are usually vitrified and'“ring” 
well. The blue bricks from Staffordshire are used in enormous 
quantities in this way. 

Floating Bricks are of little practical use, though apparently 
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popular among the ancients. These bricks were made of a 
special fossil earth (found in Italy) and weighed only about one- 
fourth as much as clay bricks of an equal size, whilst their 
strength is the same as common hand-made bricks. In recent 
years light-weight bricks have been made by the addition of 
sawdust to the clay and by making the bricks hollow. 

Channel Bricks, Air Bricks, Plinth and Coping Bricks, derive 
their name from the uses to which they are put; they must be 
made in special moulds, and so resemble terra-cotta work rather 
than ordinary brickmaking. 

Squints, Jambs, Bullnoses and Other Terms are used to denote 
special shapes. 

The qualities of bricks are responsible for the following 
terms:— * 

Malm Brkjfs, which are best quality hand-made bricks pro¬ 
duced from marl; they are of a yellow colour. 

Seconds and Thirds are bricks sorted from contents of the kiln 
after the best bricks have been removed. “ Seconds ” are much 
used for work for which the host quality of bricks is not neces¬ 
sary ; seconds bricks are not good enough in shape or colour to be 
used as facings. 

Stocks are the average quality of bricks made in any district, 
but the term is mainly used for a certain quality of London 
bricks. 

Washed Stocks are a low quality of malm bricks. 

Orey Stocks are good iuicks but irregular in colour, so cannot 
be used for facings. 

Bough Stocks correspond to “ thirds,” and are not suited for 
good work on account of their irregular shape and colour. For 
foundation work they are very satisfactory, being usually hard 
and sound. 

Place Bricks are only a low grade of brick, used chiefly for 
temporary purposes. 

Grizzles are insufiiciently durable for outside work, but find 
a use in interiors and partitions. 

Shuffs and Shakes are unsound bricks and should not be used. 

Bats are rubbish, being the residue left when all the saleable 
bricks have been removed from the kiln. 

Crozzles are bricks which have been so over-heated in the 
kiln thatlihey have become vitrified and have adhered to each 
other. They are badly shaped and of little value, being in¬ 
cluded ih the “ bats ” in the South of England. 

2 
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SAND, BREEZE, AND OTHER MATERIALS. 

As already mentioned, it is necessary with many clays to use 
non-plastic material in order to produce a satisfactory brick 
earth. The following arc the materials most frequently em¬ 
ployed for this purpose;— 

Satid, like clay, is a product of decomposition, of rocks, but 
when of good quality consists almost entirely of silica. 

For mixing with clay, sand need not be pure so long as it is 
free from undesirable matter. 

When used for moulding bricks (in the hand-making pro¬ 
cess) the colour of the sand when burned is important. The 
finest Bagshot sand is considered to be the most suitable for 
red-burning bricks, and great pains are taken by bfickmakers of 
good reputation to secure a satisfactory material. 

A white-burning sand is used for buff and white bricks and 
is of the Calais sand tyi)e. It must l )0 fairly free from iron 
oxide and in a very finely powdered condition. 

Coarse, shar|) sand is useless for moulding, though often 
valualJe for mixing with the clay. 

Soil, as ii brickmaking material, is only used in the ne.igli- 
bourhood of London. The clay in that district is so strong t])at 
it is nece,ssaTy to reduce its plasticity, and “soil,” being coni- 
bustible as well as non-plastic, has special advantages for this 
ymrposc. “Soil” is the fine material obtained by sifting do¬ 
mestic ashes or cinders, thti coarser parts (known as “ breeze ”) 
being used for fuel. The “ soil,” in addition to reducing the 
contraction of the bricks, ju'oduces a special colouring, not 
otherwise obtainable, and attributed to the impurities (Buli)hur 
compounds) which it contains. 

“ Soil ”—meaning surface-clay or loam—is t(uite a different 
material, and is usually unsuitable for brickmaking, though in 
some districts it is successfully employed. Most brickmakers 
find it necessary to remove the top layer of earth (“ soil ”) and to 
discard it. This operation is known in some districts as “ en- 
callowing ”. 

Grog is, strictly speaking, clay which has been heated suffi¬ 
ciently to destroy its power of becoming plastic and has then 
been reduced to a powder. The term is, however, conveniently 
applied to ground bricks or other waste from a clay works, which 
is mixed with raw clay in order to produce a mixture in which 
the amount of contraction is within convenient limits. In 
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this country, grog is seldom prepared by calcining and grinding 
clay, but on the Continent several firms make a speciality of 
the manufacture of this material, which they supply under the 
trade term “ chamotte For most purposes fire-bricks, which 
are of too poor a quality to be offered for sale, may be ground and 
used as grog, but for the manufacture of the best fire-bricks it is 
desirable that a special grog should be prepared. The use of this 
material is described more fully in the Chapter on “ Fire-bricks 

Chalk is found in such enormous quantities that it is readily 
procurable by those briekmakers who require to add it to their 
clay in order to form an artificial marl (page 8). For this pur¬ 
pose the chalk must be freed from stones and pebbles, and is 
generally washed in a special mill similar to that used for wash¬ 
ing clay. Chalk, being harder, requires a. preliminary crushing, 
though the inclusion of heavy wheels with sjuked rims in place 
of two of the hurdles of the wash-mill is usually found to be 
efficient. 

Water li a jnaterial of great imjiortance to the brickiivaker, 
and if much difficulty is experienced in obtaining it cheaply the 
yard cannot he a success. For most brickmaking purposes the 
jmrity of the water is of small importance, hut sea-water must 
he avoided on account of the salts it contains. Other water 
rich in salts must be avoided for the same reason, as it would 
produce a scum on the surface of the goods during drying. For 
use in boilers, water should bo as pure as possible, and facilities 
for collecting rain and other surface-water should he provided. 
With a little provision in this way it is often easily possible to 
procure ample siqtplies of ]mro water at little or no cost, and 
the saving clfected in the cleaning of the boilers is an item well 
worth consideration at the present time. 

Hard Water should he avoided in boilers unless it is softeiual 
before use. Tliere arc many arrangements now on the market 
whereby this softening may be etfected. Most of them are un¬ 
necessarily costly for the brickmaker’s purjioses. The best 
water-softening agents are (in order of merit); (1) baryta, (g) 
lime in conjunction with soda, (.'!) caustic soda and tan liipior. 
Hard water should bo fed into a large tank, treated with the 
softening material, and allowed to settle lad'ore it enters the boilci’. 

Rain-water and surface-watiw need no treatment as they arc! 
practicaliy pure, though occasionally a little soda is necessary 
in order to prevent corrosion from slight traces of acids sometimes 
contained in them. 



CHAPTER II. 

THE GENERAL MANUFACTURE OF BRICKS. 

The clay which ie thought suitable for brickmaking having 
been located, it is necessary to decide on the best method of 
working it, if good quality bricks are to bo produced. The com¬ 
position of the clay varies so greatly in some districts that it is 
impossible to decide which is the best method of.brickmaking 
unless the characteristics of the clay are well known. 

Practically speaking, several methods of brickmaking are 
possible, according as the clay requires a smaller or larger 
quantity of water to be mixed with it; if no water at all is used, 
the semi-dry or dry process may be employed, although in many 
oases a better quality of brick will be produced if the plasticity 
of the clay is developed by the addition of water and subsequent 
treatment in the mixer. When only a little water need be 
added, the stiff plastic process may be used, and where more 
water is necessary the clay must be made thoroughly plastic 
and may then be shaped either by hand or by machinery. 

Clay is obtained from the pit or quarry, as the case may be, 
by digging or blasting, or by any of the improved methods of 
mining, As in most clay deposits the composition of the bed 
varies at different parts, it is necessary to exercise much care in 
choosing portions of the bed from which the clay has to be 
taken. It is, therefore, usual to work horizontally in a series of 
terraces or steps, each step being the height of the particular 
strata worked, but conditions vary so in different deposits that 
each brick manufacturer must, to a large extent, be left to use 
his own judgment in the matter. Care and attention are re¬ 
quired if the clay hole is to be worked economically, as other¬ 
wise a large amount of useless material may be shifted. Water 
in the clay hole is often a source of trouble, as its removal en¬ 
tails considerable expense. For most purposes a “ Pulsometer ” 
pump is the most suitable, as it can deal with very dirty water 
and has no wearing parts. When steam can be carried to the 

( 20 ) 
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clay hole this pump is particularly suitable, otherwise some 
form of diaphragm pump should be substituted. The ordinary 
types of pump, whilst excellent'for clean water, are not desirable 
for use in clay holes. 

Special oversight is needed to prevent the wrong strata be¬ 
coming mixed with those containing suitable materia,!, par¬ 
ticularly at certain stages in the quarrying, but with capable 
men no special difficulty in this direction need be experienced. 

In a few instances it is sufficient to work straight forward 
without any attempt to separate the impurities occurring in the 
clay. It is then wise to use a steam-navvy or other mechanical 
means of obtaining the clay, as with such appliances the cost of 
getting it is ^eatly reduced. Steam-navvies are useless where 
much sorting of the clay has to be done, and cannot be used in 
the coal mipos from which certain shales and fire-clays are 
obtained. 

Digging should, when possible, bo paid for “ i)y the piece 
This is very advisable because it enables the men to earn more 
per liour than day wages if tliey should wish to do so; yet, 
whilst keeping the cost of digging at a figure agreeable to the 
employer, it enabh's them to do something in very bad weather. 
In the latter contingency an em])loy('r would stop his men 
entirely if employed by the hour, whereas on piece-work the 
men can earn something if tliey arc so minded. The only 
danger in “ piece-work ” is where careful sorting of the clay is 
necessary and the men are tempted to scud unsuitable material 
to the mills. In paying “by the piece” the labour may lie 
classed in two sections; (1) digging and filling barrows or wagons, 
(2) wheeling to the heaj). 

Easy, fiat digging and filling is worth as a rule about 4d. 
to fid. a cubic yard, but this item varies according to the 
hardness and accessibility of the clay. Wheeling away usually 
costs about l^d. per run of 20 yds. Tliere is also the expense of 
untopping or encallowing a clay bank, putting in and shifting 
“ roads ” on which to wheel, and frequently of sorting out and 
getting rid of useless veins of eartli. It is seldom that earth can 
be got on to the heap for less than Is. per yard all told, or 2 b. 9d. 
per thousand bricks, and it is in this that the hand maker is at 
a disadvantage compared with the makers of those Midland 
clays which are uniform to a great depth. The standard price 
for loading by hand into the hoist wagons is Is. per thousand, 
but when a steam-navvy is used, less than half these figures will 
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suffice. In yards which only work for a portion of the year, the 
clay is usually dug out in the autumn when the brickmaking 
has ceased. It is then all heaped up and left to he mellowed by 
the winter weather and especially by the frost, during which 
o]>eration the clay is completely broken up. Once or twice m 
the winter the heap may he turned over with shovels, so as to 
expose it inore thoroughly, and to enable stones to be picked out 
as far as possible. This exposure of the clay is known as 
“weathering”. 

Th(! thickness of the layers of clay on the heap should not bo 
too groat, as tlie frost will seldom penetrate to a depth of nioi'o 
than 8 in. On this account it is desiraljle to use a definite area 
of ground for exposing the clay to be weathered, apd to cover 
this all over to a slight depth and repeat the covering as often 
as possible, instead of tipping the clay into a heap in 'the ordinary 
way. Sometimes the clay will be sufficiently broken up by very 
slight exposure to the air, and in some instances summer heat 
is quite as efficient as frost. Tlie objecti of tlie weath(*ring is the 
separation of.the' particles from each other so that they may 
more readily become plastic and produce a mixture of even 
composition when worked up with water. It is not only the 
|iowerful mechanical action of frost which is so beneficial in 
weathering. The mechanical actions which take place are often 
extremely valuable, and somi? clays which are almost unworkable 
w'hen freshly dug, w'ill be found to produce first-class bricks after 
the clay has been exposed for as little as forty-eight hours to 
the air. This aspect of weathering deserves more attention than 
it has received hitherto, and (juitc' a number of brickmakers 
would fin'd it well worth their while to crush their clay and 
spread it in the open air for a couple of days before jiroceeding 
to use it. 

The getting of fire-clay from underground mines forms a 
special branch of mining, and must be studied from textbooks 
devoted to that subject. It is beyond the province of the brick- 
maker, who usually purchases such clay delivered at ground 
level. 

Whilst some clays are found in a state in which they can be 
made into good bricks without any purification, there are many 
others which must undergo a preliminary picking or cleaning 
before they are fit to us('. Many clays are so contaminated with 
impurities that much difficulty is experienced in working them. 
The. Midland marls and shales are always troublesome on account 
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of the veins of impure limestone (“skerry”) which they con¬ 
tain, and which tends to make the bricks “ blow ” on exposure. 
Other clays are contaminated with gravel or other material which 
must generally be removed before they can be used. 

It will readily be understood from the above that the treat¬ 
ment a clay must undergo will depend upon its nature, the im¬ 
purities it contains, and the purposes for which it is to be used. 
Three chief methods of treatment are possible: (1) It may be 
used direct; (2) it may be mixed with some other material; (3) 
it may be picked, washed, or otherwise purified before use. The 
first method is to be preferred when it is practicalde, though it 
can only be used for certain clays. The second method is fre¬ 
quently employed (especially in the manufacture of fire-bricks 
and other sifecial work), and iji the South of England in connexion 
with “ malmhig ” or adding chalk. 

The material to bo added may be almost any mineral of a 
non-plastic nature which will not spoil the bricks and which is 
sufficiently cheap. In the real “maiming,” chalk is invariably 
used, hut ill some districts the clay is reduced in strength, and 
made easier to work by the addition of sand or some other 
siliceous matter. In the neighbourhood of London, “ soil ” is 
mixed with the clay for a similar purpose, and not only assists 
the drying of the bricks but aids their burning. The third 
method includes two entirely different modes of treatment (o) 
removal of stones or other obvious impurities, and (6) washing. 

To separate large stones, or unsuitable materials of a rocky 
nature, the clay must be examined carefully and the undesirable 
constituents removed by hand. Thus, the larger pieces of rock 
may readily be removed from boulder-clay and large nodules of 
pyrites, etc., from fire-clay, by this means, though pebbles of less 
than one inch diameter are usually too small to be thus separated. 
From some clays the smaller stones may be separated by mixing 
the material into a paste with water, and compressing it in a 
drum with perforated ends on sides. The clay passes through 
the perforations leaving the stones inside the cylinder. A number 
of api)liances for this purjiose (known as “ clay purifiers ”) have 
been placed on the market and have met with considerable 
success on the Continent. The most pojiular one in this country 
is Whitehead’s perforated pug-mill. It consists essentially of a 
pug-mill which mixes the clay into a paste, and forces it through 
the perforations in the cylinder, the stones being discharged 
through an aperture in the liase of the machine. 
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A Simpler appliance for the same purpose consists of a long 
of perforated steel open at both ends and fitted with a p^ir 
of pistons which work in opposite directions alternately. One 
pis^n is fixed at one end of the drum and the latter is filled 
lyith clay paste. The second piston is then inserted and is used 
to compress the material. The clay exudes from the perfora¬ 
tions, and by the time the piston reaches the farther end of the 
cylinder only stones remain behind. The first piston is now 
withdrawn, and the second moved forward driving the stones in 
front of it, so cleaning the drum. This appliance suffers from 
the disadvantage of not working continuously, but for small 
yards it is often useful, and is less costly to install than the more 
eflBcient clay purifier previously described. 

Another form of clay purifier, which has met with great suc¬ 
cess in the working of Contiuontal boulder-clay, is the invention 
of M. Bohn. It consists of a ])ug-inill with a perforated barrel 



and a partially closed end (fig. 2). The clay is delivered into the 
open trough of a mixer, and after being treated with sufficient 
water to make it into a paste is forced forward by the blades of 
the pug-mill. Under the great pressure exerted, the paste i s forced 
through the perforations in the barrel, all the stones being forced 
out of an aperture in the end of the barrel along with some clay. 
^iB aperture can be closed partially or completely by means of 
the lever shown. In the most recent machines provision is 
made for adding water under pressure to the “stones” from 
which most of the clay has been separated, and in this way the 
remaining clay adhering to them is removed. The special feature 
of the machine is the construction of the barrel in small sections 
BO that renewal of the perforated portions, as these become 
worn, IS readily and cheaply effected. It is found in practice 
that perforations less than in. diameter are inadvisable in clay 
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purifiers, and consequently gravel and sand cannot be removed 
by their means. When it is necessary to remove these materials 
the clay must be washed. 

Washing, or mixing the clay with a large quantity of wa,ter, is 
a simple and frequently used method of separating it from stones 
and other impurities. Chalk when used is also'washed so as to 
clean it and reduce it to the necessary fineness to ■ be properly 
mixed with the bulk of the clay. Some mixtures of chalk and 
clay in suitable proportions occur naturally, and are known as 
“real malms,” but more frequently a certain amount of chalk 
is added to produce an artificial .malm. The clay and chalk 
are usually washed separately in large circular tanks known as 
wash-mills. In the centre of this tank is a pillar with the lower 
part of briolfwork and the upper of metal. This latter acts as 
the pivot 01 ^ which is hung a horizontal frame containing a 
number of suspended harrows, or washing gates. The frame is 
rotated by horse or nieclqinical power (the latter for preference, as 
it is much cheaper), the circular tank being filled to three-fourths 
of its depth with water .and the material to bo washed, a thick slip 
or slurry is soon formed by the tearing action of the tines on the 
harrows on the cliiy. At suitable intervals the mill is stopped, 
and tlie slurry allowed to run out into settling tanks or wash- 
backs, stones and other undesirable matter remaining in the mill. 
After being filled and emptied three or four times the mill must 
be thoroughly cleaned out, though the frequency with which 
this oper.ation must be performed depends upon the proportion 
of impurity in the clay. During the last twenty years several 
important improvements have been made in the design and 
construction of wash-mills, and it is now possible with some clays 
to work them continuously. 

A modern wash-mill may conveniently be about 14 ft. in 
diameter, the framework revolving 9 to 10 times per minute. 
It will require about 7 h.p. to turn it, and will treat from 20 to 
40 cub. yds. of material per day, the higher figure being reached 
with a fine clay or marl. 

The wash-backs are usually constructed like shallow reservoirs 
by building earthwork walls so as to form a series of large ponds 
or tanks about 50 ft. sq. and 3 to 4 ft. deep. Each wash-back 
should be provided with a wooden or brick flue, the height of 
which can be altered to suit the level of the clay and water in 
the back. This flue leads to a drain, and serves to carry off the 
water when the clay has settled. The water should be returned 
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to the waBh-mill and used again. A simple but effective flue 
consists of a wooden trough, sloping steeply ni the wash-back, 
the “ top ” of the trough being covered by a row of bricks which 
converts it into a “square pipe ”, By removing the bricks one 
at a time the water may be run off from the clay at convenient 
intervals. 

As it is not always possible to arrange the settling tanks or 
wash-hacks at a lower level than that of the wash-mills, the slip 
or slurry is often pumped out of the mill (plunger pumps being 
used for this purpose), and by fixing a comparatively fine screen 
to the suction end of the pump tlie necessity of emptying the 
wash-mill more than once every few weeks may be avoided, un¬ 
less the clay is exceptionally impure. Even when no pumps 
are used, the outlet from the mill is best covered with an iron 
screen, so that all the larger particles may be kept out of the 
slip going to the settling tanks. It is often customary to drive 
the mill for a certain time and then to stop it whilst the liquid 
is run off. This wastes time and should be avoided when possible, 
a constant speed of output being generally jireferablc, and usually 
attainable. • 

In the simplest form of power-driven wash-mill the haiTows 
uro hung at each end of a pair of T-irons, each about 14 ft. long, 
by chains attached to the hooks, so that as the mill becomes 
partially filled with stones the harrows do not touch the bottom 
of the tank. To the ct'ntre of the T-irons is attached a hori¬ 
zontal pulley, the hub of which fits loosely over the vertical 
post in the centre of the mill. This pulley is driven from a chain 
from the engine, or, in the case of a horse-driven mill, it is 
rcplac(id by a long wooden beam. 

The harrows should be about 3 ft. sep and each should have 
a dozen teeth, or tines, made of iron rods an inch square. In 
some yards instead of driving the mill direct from the engine 
it is connected to a special pulley from the pug-mill. 

The chalk may be washed in a similar mill, liut it is more 
usual to replace one or two of the harrows by a heavy spiked 
roller which more readily breaks down the lumps and enables 
the washing to be carried out more rapidly (fig. 4). 

A sufficient quantity of slurry having I leen run into the settling 
tank, or wash-back, to fill it to a reasonable depth, a second tank 
must bo luought into use, and the first left undisturbed until most 
of th(i water has risen to the surface ; it must then be run off care¬ 
fully by means of sluices at the side of the tank, until only a 
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thick maeB of paste is left. This must then be left till suffi¬ 
ciently stiff for a man to walk on it without sinking, after which 
men are sent to dig out the material preparatory to its further 
treatment. During the last period of stiffening it is desirable 
to cover the mixture with a layer of sandy loam, so that it may 
not become hard and leathery. In the south of England “ soil ” 
(cinder dust) is used instead of loam (page 18). The workmen 
should dig vertically, starting at one comer and working down 
one side of the tank, and should not dig out the clay in horizontal 
layers. 

When a mixture of clay and chalk is used for brickmaking, 
the washing process is precisely similar to that described above, 
but the chalk should be mixed with an equal weight of clay 
before being washed, as if washed alone and then'mixed with 
the clay it is difficult to avoid the formation of whj.te specks in 
the brick. Instead of feeding the clay-mill with water only, 
slip from the chalk-mill may bo added in proportionate quantity. 
As the amount of water used will be about 100 gallons for every 
cubic yard of clay, it is wis(! to return the water run off from the 
settling tank to the wash-mills instead of wasting it. In some 
cases, owing to tlie position of the tanks and the mills, a pump 
will be necessary. 

It is a curious fact that most clays suitable for brickmaking 
by haJid will pass through a sieve having 100 holes jKir rimniug 
inch, when the clay is mixed with twice its weight of water. So 
fine a sieve can only lie used for testing, but the moving water 
in the wash-mill acts as though the clay were passed through a 
sieve, and by keeping the speed of the mill constant at the 
proper rate a wonderfully fine separation of the clay from the 
other materials may be made. When clay and sand are to be 
mixed together, washing machinery is not resorted to, owing to 
the density of the sand, but the mixture is made in a wet pan¬ 
mill or in a pug-mill or similar paste-mixing machme. 

It is customary when using malms (mixtures of clay and- 
chalk) to add a certain proportion of ashes (“ soil ”); this is known 
as soiling. The ashes used are ordinary cinders collected by 
the.dust-bin men and sifted so as to remove the larger pieces. 
The sifted “ soil ” is then laid on the top of the clay mixture in 
the settling tank and remains there throughout the winter. The 
amount of “ soil ” required is usually 20 cub. ft., or one-third of 
a chaldron, to every thousand bricks. At a later period it is 
thoroughly mixed with the clay, this latter operation being 
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called “ tempering ”, In many parte of the country “ soiling ” is 
not employed, as the sulphur in the ashes has a strong effect 
in colouring or discolouring the bricks. 

Haulage .—The use of mechanical appliances in getting the clay 
must depend upon the nature of the material and the depth of the 
yard, but in any case the construction of a tramway or rails will 
lessen the cost of moving the clay from one place to another; 
the employment of these appliances is far cheaper than that of 
wheelbarrows. In fact, barrows should only be used where 
wagons cannot ))e employed. It is not at all necessary for a 
permanent track to be laid, thougli this is usually desirable on 
account of the smoother running. The ordinary track is made 
with 9 lb. to 16 lb. rails set 20 in. apart. If it is to be portable, 
one end of tfach rail should be made with a sleeve into which 
the other ejid can be fitted, but for a permanent track the rails 
are nailed or bolted on to sleepers. The most useful form of a 
track for moderate sized or small yards is a single track made 
doubl(! in places so as to allow the wagons to i)ass each other, 
but where endless haulage is employed it is usually better to 
have two tracks, as this greatly lessens the risk of accidents. 

Direct Haulage is cheapest when ('ifected by means of the 
rope or chain, but in small yards, or in special cases, horses or 
]ocomotiv(!s may be necessary. For instance, it not infrequently 
happens that the clay hole is on one side of the road and the works 
are on the other, so that rope haulag(! (unless of the overhead 
variety) cannot be used. Horses and locomotives are, however, 
much more costly in relation to the work they do than other 
systems of haulage, except in those cases where there is an 
enormous output over a long distance, when it may be found that 
a locomotive, with a train of wagons, is cheaper than an endless 
rope or chain. 

The simplest system of haulage by rope or chain is obtained 
by attaching a drum to the engine or other shaft by means of a 
friction clutch, so that the clutch being put into action the rope 
or chain is made to coil round the drum and so haul up the 
wagons. One wagon is hauled up at a time, but with a suffi¬ 
ciently strong rope a number of wagons may be coupled together 
so as to form a train. This arrangement does not work con¬ 
tinuously as does the endless system of haulage, as the wagons 
must bp hauled up and returned to the pit on the same track; 
but the arrangement is simple in construction, and by choosing 
■wagons of a suitable size can be made to work very satisfactorily 
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in many yards. If the incline on which the returning wagons 
travel is at all steep, a brake (usually of the band form) must be 
employed on the winding drum. On level tracjis, or on those 
which are nearly level, some means must be provided for hauling 
back the empty wagons, in such cases the ordinary main and 
tail system, or an endless chain or rope may be used. The main 
and tail system consists of two drums, one of which works the 
rope which hauls out the full wagons, and the other, a lighter 
rope, which pulls back the empty ones. A pulloy-block placed 
at the end of the track farthest from the drums keeps both ropes 
fairly taut, and one drum unwinds whilst the other winds the 
rope. The, thinner rope or tail rope must usually be about twice 
the length of tlie track, and is attached to the free end of the 



thicker main rope, i’bo wagons arc always I'astcned to the main 
rope as only one track is need. 

In hauling by an endless rope or chain a horizontal pulley is 
usually employed. This i>iilley is mounted on a vertical shaft 
and is driven by gearing from the main shaft (tig. 5). The 
rope or chain is supported at the farther end by a similar pulley 
which runs “ loose,” and the wagons are usually attached by 
means of simple vertical bars, fitted with a V-shaped opening 
(fig. 6) at the top. This opening engages with the roi>e or 
chain and is sufficient for most inclines. Where necessary, a 
special clip (fig. V) may bo used to seciire a more perfect at¬ 
tachment to the rope. When the number of wagons required 
is sufficient to support and balance the rope or chain, this system 
of haulage is the most satisfactory and convenient. It is often 
necessary to push the. wagons by hand for a short distance, 
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«Bpecially near the working faces of the clay, but owing to the 
cost of human labour for this purpose, this part of the work 
8houl4 be made as small as possible, and every advantage given 
by means of iron plates, turn-tables, or portable rails. The main 
essential in a tramway system is that a large part of the track 
must be fixed permanently, though portable switches or joints, as 
well as permanent ones, often facilitate working. 

Turn-tables are essential in some cases. Usually they are 
permanent structures, but for some purposes a climbing turn¬ 
table is better. The climbing turn-table, which is in itself a 



Fia. 8.—Climbing turn-table in use. 


special form of large iron plate, can be laid over the rails, and is 
provided with sloping sides so that the wagons travelling over 
the track get on to the turn-table (figs. 8 and 9). They may then be 
turned round in any direction desired, and led on by similar 
guides to another set of rails. Such a turn-table can be placed 
at any portion of the track, and so can be used as a temporary 
switch in places where permanent points are undesirable. It is 
mainly used to take the wagons in a direction at right angles to 
the main track when forming a heap for weathering, or in filling 
and emptying kilns. It has several other uses, and its applica¬ 
tion at the working face of the clay might usefully he extended 
to more than is at present the case. 
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The wagons can be made to hold any quantity from a 
barrowful to a ton of clay, according to the nature of the material 
and the system of manufacturing. A number of excellent types 
of wagons are now on the market. As a rule with endless chain 
haulage small wagons are preferable, as the load is distributed 
more evenly, but where horse haulage is used the wagons 
should hold about a ton of clay. Iron wagons which tip side¬ 
ways (fig. 10) or endways (fig. 11) are deservedly popular and 
are made by several well-known firms. Steel wagons of the 
two shapes illustrated are the best for conveying large quantities 
of clay at a time. They should l)e strongly built, without 
any joints at the corners of the body rim, and should have 



Fig. 9.—Klemp, Sohnllze & Co.’b portable turn-table (in course of erection). 


a strong angle steel framing at inside. The wheels should 
be specially toughened and provided witli ball bearings for 
easier running. The body should be well balanced so as to tip 
easily when required, but should be provided with a simple and 
reliable fastener to keep it from tijiping unexpectedly. Where 
several cars are to bo fastened together, swivelled couplings are 
desirable. 

When endless haulage u]) a steep incline is necessary, small 
oblong wooden wagons, each holding about 8 cub. ft., are very 
satisfactory. These are run into a tipping frame and so axe 
emptied. * These tipping frames can only be used where the 
material has to fall to a lower level than the track, whereas 

3 
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Fia. 10.—Side-tipping wagoo. 
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side-tipping wagons of the tjrpe illustrated (fig. 10) can tip on to 
the level of the track. 

The track should be made as straight as possible, as a straight 
line is always shorter than a curve, and it will often pay to re¬ 
move irregularities in the ground rather than take the line a 
further distance round.- The slope of the track should not ex¬ 
ceed 36 degrees, and it is much better when the inclination is 
less, as the cost of transporting and the risk of accidents are 
both reduced on more level tracks. In many yards an artificial 
staging, or gantry, is used, it being found that this, when made 
of rough timber, is cheaper than the levelling of the ground for 
the construction of an earth eml)ankment. The rails used ivre 
light and laid 16 to 22 in. apart. Unless used on the gantry they 
must be laidion sleepers. It is usual to lay the sleepers at right 
angles to the rails, but brickmakers in America claim that there 
are advantagfls to be derived by laying the timbers in the same 
direction as the rails themselves, and it is certainly far cheaper 
so to lay them. 

The most suitable moans for haulage in most brickyards is 
an endless chain or rope, or a coTnhination of rope and chain. 
This should not be heavier than is necessary, and a rope in. 
diameter is sufficiently large for most purposes. The rope or 
chain should be supported at intervals by rollers or pulleys, 
especially if it is near the ground, as nothing wears it out more 
rapidly than dragging it over a rough surface. The speed with 
which it travels should not exceed four miles an hour. The 
wagons are attached to the ropo' by means of a special clip, but 
when a chain is used a simple fork projecting above the wagon 
and engaging one of the links is sufficient. In this case it is 
usual to arrange the chain so that the wagon is automatically 
released as soon as it reaches the place where it is desired to 
stop it. This is done by taking the wagon to a rather greater 
height than is required, and letting it run down a short incline 
at the last, the chain being raised well out of the way. With an 
endless chain the adaptability of wagons in turning sharp curves 
is very noticeable, especially if at the point flanged rollers are 
placed to receive the wagon and enable it to leave again in the 
desired line, the road being inclined in such a way that the fork 
of the wagon disengages from the chain until the wagon has 
passed roynd the curve, when it again comes in contact with 
the chain and is hauled forward. No special mechanism is 
necessary, as all that is required is to fix the rollers at the right 
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height above the wagons, and to see that the slope of the track 
at the curves is in the right direction. When clips are used they 
should be provided with an automatic release. 

It is often convenient to use two or more endless chains in¬ 
stead of one, as changes in the direction of the track can then 
be more easily arranged. In such cases a vertical shaft is 
erected, and on it are fixed two or more rollers or pulleys, one 
being used for the first endless chain and the others for the 
second and, if need be, for a third chain. 

With all systems of endless chain haulage it is desirable to 
have some kind of brake to prevent the wagons from running 
backward on a temporary stopping of the hauling engine, and 
with several chains on the same axle some brake arrangement 
is essential. For the former, the simplest form is a collar round 
the shaft fitted with cogs above and below. A loosely hung bar 
of steel fits into these, one at a time, and forms a latcdict which 
compels the pulleys to travel in one direction only. Without 
some arrangement of this kind the wagons may run hack and 
serious damage be done. 

Quite recently aerial roj>eways (fig. 12) have been used where 
the ground is occu])ied, or where it is irregular or otherwise 
unsuitable for a tramway. Several firms are now projiarod to 
supply these aerial systcuns of transport, but the one which has 
been most successful in connexion with clayworking is that of 
Adolf Bleichert Sr Co. In this the bucket is carried by two 
pulley wheels connected together and running on one rope, 
whilst a clip on these wheels grips another rope which hauls the 
bucket to its destination. It is in the peculiar construction of 
the clip or jaw that the apparatus shown has the advantage over 
many other awangements for aerial ropeways, as the Bleichert 
grip (fig. 13) is formed of two jaws which grip the traction rope. 
One of the jaws is firmly fixed to the carriage, while the other, 
constructed as angle-lever, constitutes the counterpiece to the 
fixed jaw. The weight of the hanger, car, and respective load 
is borne by the longer arm of the angle-lever. The power of the 
grip is therefore determined by the proportion of the angle- 
lever’s arms, and as this proportion can be adapted to the maxi¬ 
mum gradient of any line, the safety of the apparatus is ensured. 
The jaws can be made of a sufficient length to avoid damaging 
the traction-rope. The pressure, with which the rope is gripped 
by the gripping jaws is produced by the weight of the car and 
its load, and is increased by means of levers. 
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When barrows are used for moving clay their shape and size 

is more important than 
is often supposed, and 
the distance of the 
centre of gravity when 
loaded from the line 
joining the point of con¬ 
tact with the ground, 
must be carefully ad¬ 
justed. If it is over 12 
in. the workman will 
find it difficult to bal¬ 
ance the barrow and his 
output will be dimin¬ 
ished. 

Tlie spades used in 
•digging clay should be 
of medium weight, not 
Fio. 13.—Clip ami runners for Bleichoit too wide, and should 

curved blade, if the clay is pasty (fig. 14). For dry clay a wide 
shovel with side Haiiges may b(‘ used. In this country the 



Pro. 14.—Spades, eto., used in clay-digging 
spades have almost straight blades, but in America a strongly 
sloping blade is considered more satisfactory. ' ® ^ 
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HAND-BRICKMAKING PROCESSES. 

Most clays which can be worked up into a suitable plastic 
paste can be made into bricks by th(' aid of hand-moulds, but 
at the present time hand-making is chiefly practised in the. 
South of England for ordinary facing bricks, and in tlie Midlands 
and North foi;the manufactureof tire-bricks, forspecially moulded 
bricks, and terra-cotta. As almost any clay with sufficient 
plasticity can bo mouhh^d into bricks formed by hand, the 
numlxw of clays of widely differing characteristics described as 
“ brick earth ” is very largo, and the prospective brickmaker must 
be careful in his choice of material, for some clays are impossible 
to use commercially, even when, apart from the cost of manu¬ 
facture, it is quite possible to make good bricks from them. 
It by no moans follows that because good bricks can be made 
from a certain clay tliat they can be produced at a cost which 
would be commercially satisfactory, and the prospective brick- 
maker should exercise the greatest caution before embarking on a 
now enterprise, even when ho has secii excellent specimens of 
articles made from the clay it is proposed to use. Thus, true 
London clay is very troublesome to those unacquainted with its 
special nature, as it appears to be highly i)la8tic though in reality 
it is not so, though it is very sticky. It is very doubtful whether 
first-class bricks can ever be made from strong London clay, 
though a commoner brick is made in large quantities. A strong 
clay, in the absence of an ample supply of mild loam or sand, can¬ 
not be made into good bricks, though those of an inferior quality 
may be produced in some cases. The reason for this is that clay 
which is very strong shrinks excessively on drying and burning, 
and so it is almost impossible to prevent cracking to such an 
extent as to make the bricks comi)OBed of it practically useless. 

Nodulh of all kinds should be avoided in clay to be moulded 
by hand. They can lie removed by washing the clay, but it 
seldom pays to do this. 


(39) 
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Stones, when occurring in a strong clay, are a blessing to the 
brickmaker, provided that the stony matter is of a siliceous 
nature (not limestone), but in a very mild clay the presence of 
stones will reduce the plasticity too much, so that they must be 
removed before such clay can be used. 

Siliceous or sandy stones, when found in strong clay, may be 
ground up with it, and so produce a mild mixture which will have 
the proportion of stones and clay which produce a good quality 
of l)rick, th(! colour of which will depend upon the composition 
of the mixture. When stone-bearing beds occur with clean, mild 
or sandy clays the stones may be picked out by hand or by some 
form of mechanical clay-cleaner (page 22), and are frequently 
valuable as a by-product. 

Sand and Omvel can only be removed by washing. 

The most popular clays for hand-brickmaking arc the Oxford, 
Heading, Bagshot, and (fault, beds in the South find the Hast 
and the Midland beds, but many surface-clays in difl'erent 
jiarts of the country ari^ locally considered to la! of great value 
for this purpose. 

The Preparatwii of the Paste for hand-brickmaking is efi'ccted 
as follows; The clay, after any ni!c(!ssary ))uritications and 
thi! addition of any non-plastic material, must be made up into 
a pasti* of sufficient softn(‘ss and plasticity to turn out easily 
from the mould and to dry and burn without cracking or warp¬ 
ing. It is Jiecessary to ett'ect a thorough mixing of the various 
materials, t.o ensure their reduction to a suffiei(!ntly fine state', 
and to incorporate the' precise amount of water to produce the 
desired plasticity. Tlie clay may be sufficiently pure to be used 
direct, with or without the addition of non-plastic Jiiaterials, 
such as sand or chalk, or it may have been purified by washing 
or some other treatment. Turf, top-soil, gravel, or a.n excessive 
amount of stone or sand must be removed in the getting of the 
clay, so far as this is possible, but in certain clays washing 
cannot be avoided. 

Washing is carried out in wash-mills similar to the omi de¬ 
scribed on j)age 25, the clay being churned up with a sufliciont 
quantity of w'atcr to produce a thin slip, or slurry, out of which 
the stones settle whilst the clay is carried round in the slurry. 
This is run off to a wash-back, and the clay having settled, the 
water is run off leaving a stiff jiaste. 

Another useful method of cleaning clay from stones is a 
mechanical clay-cleaner which consists of a sieve or perforated 
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screen through which the clay (previously made into a paste) 
is forced, the stones being left behind (page ^4). The disad¬ 
vantage of these clay-cleaners is that they only separate the 
larger stones, yet the very small ones, in the case of limestone, 
may be as detrimental as any; hence, whilst clay-cleaners may 
he satisfactory when only stones over J in. diameter are present, 
clays containing limestone must be washed if the removal of the 
small stones or gravel is really necessary. 

Clay sufficiently free from objectionabh! ingrwlients having 
been obtained, it is next necessary to reduce it to a state in 
which it will readily mix with tlie water r('quired to make it 
into a unifona plastic paste. If it has been waslied it will 
already l)e in a jiasty condition as it (omes from tlie settling- 
tanks or wasli-backs (]>age 25), otlierwise it must be oruslied, 
unless it is so fine and mild that treading or re])eated turning 
over witli a spade will convert it into a slate in which it may lie 
taken to tl)e pug-mill. 

The crushing or grinding may be elfeeted by .-i pair of crusli- 
ing rolls or in a pan-mill witii edge runners, tlie former being 
generidly em])loye<l for strong sticky clays and llu' latter for 
hard ones. In some eases it is necessary to use several y)airs of 
rolls or a combination of rolls and edge-runners (page 80). Much 
unneci^ssary grinding or crushing may be aa'oided by weathering 
the clay thoroughly. Indeed, weathering (page 22) should never 
be omitted when it is likely lo benefit the clay, as it I'flects a 
disintegration far more (aunjilete than is possible with any kind 
of crushing imichiiK!. The oxidizing and other actions which 
take place in weathering are also important lo the briekmaker, 
and many clays which cannot be used when freshly dug will 
make excellent bricks and tiles if the clay is exjiosed to the 
action of the weather for a short time ])reviouB to its being sent 
to the mills. 

Most makers of hand-made bricks declare that hand-mould¬ 
ing cannot be effectively carried out with clays which require 
much preliminary crushing, and when crushing rolls have to be 
employed, it is customary to manufacture only machine-made 
bricks. A notable exception to this is found in the case of fire¬ 
brick manufacture in which the hard, rocky clay is first crushed 
by rollers or pan-mills before being mixed with water and pugged. 
With mo|t other hand-made bricks the clay is taken direct from 
the bod or weathering heaii and pugged, or it is washed, and the 
purified clay from the wash-backs is sent to the pug-mill. 
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For some purposes edge-runner mills give better results than 
crushing rolls, though they require the clay to be dry and not 
too sticky if large outputs are desired. The use of edge-runner 
or pan-mills is described in the chapter on “ Stiff-Plastic Brick- 
making These mills are seldom used for bricks made by 
hand-moulding, though in the manufacture of fire-bricks their 
manufacture is common and desirable owing to the peculiar 
nature of fire-clay, which is essentially a rock needing to be 
ground to a powder before being mixed with water. Clays of a 
rocky character are usually most conveniently treated by the 
stiff-plastic system, hut when very low in plasticity it may be 
preferable to use more water (as with fire-clays) and to mould 
them by hand. They are then best crushed in an edge-runner 
mill and, after sifting, are mixed with water in a pug-mill until 
a uniform paste is obtained and a consistency suitable for hand¬ 
moulding. Sticli instances are comparatively rare, so far as 
ordinary hand-made building bricks are concerned. 

After the material has been treated so that no hard lumps 
remain in it, water must be added so as to convert it into paste. 
This operation is known as tempering, and is best performed a 
couple of days before the clay is to be pugged. The reason for 
this is the souring, or putrefaction, which most clays undergo 
when kept in a moist state, whereby the water is more fully 
distributed and a more homogeneous paste is the result. The 
preliminary tempering should be made by mixing some of the 
clay with water and turning it over with a spade, this operation 
of watering and turning over being repeated until sufiicient 
water has been added. It is not wise to shirk this part of the 
process of manufacture, as some makers do who put their clay 
direct from the crushing plant into the pug-mill. 

It is generally wise to allow the clay to soak for some little 
time before it is turned over by the spade, though in some cases 
this turning over is unnecessary if the soaking is sufficient. 
Rocky clays, on the other hand, are scarcely effected by soaking. 
The use of hot water instead of cold is valuable in the tempering 
of some clays. 

When the clay is taken from wash-backs, the men should be 
instructed to dig downwards and not take off layers of clay from 
the top of the deposit. If the various earths of which the bricks are 
to be made have been previously spread over the surface of the 
tempering shed, or ground in layers of the required thickness. 
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cutting the material vertically will ensure the portions taken 
having the desired composition. , 

In former times it was customary to continue the spade work, 
or tempering, of the clay until a plastic paste was produced, this 
process being aided by the treading of the clay under horses ’, or 
men’s feet; but this method has, to a large extent, died out in 
this country (though it is still practised in the manufacture of 
crucibles for steel making, for retort clay, and for a few other 
special branches of clay working) as it is found that pugging is 
more effective and far cheaper for ordinary bricks. In the 
neighbourhood of London, where ashes are added to the clay, 
they are mixed in during the process of tempering it by spade 
labour, previous to the mixture being taken to the pug-mill. 

In the manufacture of tiles (where a better price is obtainable 
in proportion to the amount of clay used) foul clays (i.e. those 
containing stones) may be soaked for some time, and the paste 
thus formed is “ slung ” or cut into thin slices with a wire before 
being pugged; but this operation does not ])ay in the case of 
bricks. When slinging is resorted to, the clay should be passed 
once through the pug-mill and then cut up into thin slices with 
a wire, as the time taken in the jtreparation of the paste is 
thereby greatly reduced. The object of slinging is to enable the 
stones in the clay to be readily picked out. A similar purpose 
is served by the mechanical cleaners already described. 

Pugging .—After being mixed with water in the operation of 
tempering, the clay is in the form of a paste of fairly regular 
composition. It must be made homogeneous byia further pro¬ 
cess of mixing; the usual plan being to treat it in a pug-mill, or 
in a grinding-pan with edge runners and a solid revolving pan. 
The pug-mill is more commonly used, though in the manufacture 
of fire-bricks and fire-clay goods the clay paste may be kept in 
a pan for about twenty minutes with most satisfactory results. 

For hand-briokmaking the pug-mill is usually of the vertical 
type, the tempered clay being thrown in at the top and gradually 
becoming more uniform in character as it passes through, and is 
finally discharged at the bottom. The mill with an upright 
shaft, to which are attached knives passing through its centre, 
is usually made of wood and resembles a large barrel, but during 
recent years various alterations in the construction of pug-mills 
have been made, and many iron cylinders and wooden conical 
bodies are now in use. The horse-driven mill is slowly, but 
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Burely, giving way to the mechanically driven one, as a horse is 
unable to give more than a very slight pugging. This is un¬ 
satisfactory in the case of unwashed clays, and the use of washed 
earth is rapidly diminishing on account of the expense of wash¬ 
ing and the space occupied by the settlmg tanks. With washed 
earth, pugging is scarcely necessary, though it should never he 
omitted. 

The value and efficiency of a pug-mill depends upon its size 
and upon the arrangement of the knives. If too small, and 
especially if too short, the mill will not mix the clay sufficiently, 
and if the knives are incorrect in Bha])e, or are badly arranged, 
the clay will emerge without being homogeneous. The older 
forms of pug-mills are singularly incfficuent, as tlie blades are too 
small to be of much service and tln^ amount of kneading and 
mixing which occurs is com))aratively small. Broader knives, 
which would act better, re(juire more i>ower than ciin usually be 
given by a liorse. 

A better type of mill is shown in tig. lb, but this is jiower 
driven. When constructcid according to the suggestions of A. lil. 
Brown, it consists of a conical wooden vessel A mounted on 6 in. 
square oak cross sills B and between two equally stout uprights 
CC tied near their iqiper ends by the cross beams DD and by 
other strong struts (not shown) which take the thrust of the 
driving belt or chain. The 2i in. countershaft F, sup])orted by 
two phimmor blocks//', carries ab ft. jmlley 11 (driven direct from 
a 12 to 18 in. pulley on tbc engijie) and the bevelled pinion 
The 24 in. vertieal shaft EB is ciirried liy two iilunimer blocks 
ee and a foot-step g. This shaft is made in two [lieces, connected 
with a sliding coupling (4, in order that the upper portion may be 
turned apart from the lower onewdien desired, as when a second 
pug-mill or wash-mill is driven from the chain wheel L, on the 
same countershaft, the iwesent ])ug-iuill not being required. 

Five knives a, and a scratier b, to force the clay out through 
the opening C, are provided, the sha])e of the former being of an 
American type not well knowm in this country, but very satis¬ 
factory wherever they have been used. The essential feature of 
these knives is the possession of one unsymmetrical and one fiat 
side, as shown in fig. 10, the shape of the scraper 6 is better 
shown by fig. 17. 

When run at four or five revolutions per minute, a mill of 
this type, 3 ft. 6 in. diameter at the top tapering to 3 ft. 2 in. at the 
bottom and 4 ft. 6 in. to the top of the barrel A, will pug sufficient 
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Clay for 6000 brickB per day. although a larger quantity can be 
turned out if it needs only a light pugging. 

Fig. 18 showB a pug-mill of the old horse-driven type, but of 



A «- 

Fin. 1C.—Blades of puK-mill (A. E. Brown). 

superiol coustruiition and capable of preparing sufficient clay 
for about 5000 bricks per day. The knife is the Archimedean 
type, preferred by the makers. The knives in this mill do 


c 



ec 

Fi«. 17.—liottom norapsr of vertioal pug-mill (A. E. Brown). 

not merely cut the cltiy but turn it over in each revolution, so 
that every part of the clay is submitted to their action, and being 
furnished with scrapers or cleanshig knives, clogging and exces¬ 
sive adhesion to the sides of the mill are prevented, and the whole 
mass of clay is more thoroughly amalgamated than in the earliei* 
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forms of mill. Like many other mills of this type constructed 
of iron, this one is deficient both in height and diameter where 
difficult clays are worked. Unless the circumstances are excep¬ 
tional, the barrel of a vertical pug-mill for clay for hand-brick- 
making should never be less than 3 ft. diameter in any part, nor 
less then 4 ft. 6 in. high, and only one outlet should be used at 
a time. 

Feeding is facilitated by making the mouth of the barrel 
somewhat bell-shaped, and the ejectment hole should be fitted 
with h sliding door in order to regulate the speed at which the 
clay travels through the mill and to secure its being sufficiently 
pugged. 



A typical power-driven mill of the all-metal type is shown in 
fig. 19, but it would be more efficient if made both higher and 
larger than those usually kept in stock. Mills of this type are 
supplied by all makers of clay-working machinery and require 
a to 6 h.p. to drive them. 

The illustration of the machine in fig. 20 represents a power- 
driven pug-mill in which the upper part is expanded so as to 
secure greater mixing power. The machine has two sets of 
knives, one m the large pan and another in the barrel, and the 
former are so arranged that at each revolution the clay is taken 
one step nearer to the centre of the mUl. The delivery opening, 
which is placed tangentially to allow of free delivery, is fitted 
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with a sliding door actuated with screw and hand wheel, so as to 
adjust the opening to suit the condition of the clay required, 
but a simple slide is sufficient for most purposes. Such machines 
are specially suitable for hard clays which do not mix readily 
with water, such as shales and fire-clays. 

The “ Vulcan ” mill (fig. 21), made by the Horsham Engineer- 



Fio. 19.—Png-mill lor small yards. 


ing Co., has an elevating arrangement by which it delivers clay 
on to the brickmoulder’s table and is a useful labour-saving 
device. 

Some brickmakers maintain that horizontal pug-mills are 
unsatisfactory for hand-made bricks, and that they require more 
power to drive them. The contention is not well founded, though 
the effect of gravity in a vertical pug-mill should, theoretically, 
reduce the amount of power to pass the clay through it. In 
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some tests made by the author this difference was so small as to 
be negligible, and it may therefore be left to the brickmaker to 
suit his own convenience in handling the clay as to whether a 
viertical or horizontal pug-mill is used. Horizontal pug-mills 
are described in Chapter IV. 



Fki. 20—Vertioul pug-mill for fire-clay, etc. 


The best speed for running a pug-mill will vary with its con¬ 
struction and with the clay used. The makers should bo con¬ 
sulted on^his matter. An ordinary vertical pug-mill should be 
worked at a speed of five revolutions of the shaft per minute, 
but the speed which is really most suitable for a particular clay 
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can only be ascertained by actual trial. The men engaged in 
feeding the pug-mill must see that it is kept full of clay, or the 
latter will be imperfectly mixed. 

Moulding .—Two distinct methods of moulding bricks by hand 
are in use at the present time. In the first, the mould is dipped 
in water before being filled to prevent the clay adhering to it. 
This is known as “ slop-moulding ”. In the second method the 
internal surfaces of the mould are covered with sand, whence the 
term “ sand-moulding ” for bricks made by this method. 

Considerable dilferoncos in dealing with the clay when once 
the brick has been formed in the mould are also common. 
Thus in ordinary slop-moulding a boy takes the filled mould 



Fill. 21.—Elevating png-mlil. 


from the maker’s bench to the drying lloor find turns out the 
brick on to the floor, returning to the bench with the empty 
mould. Meanwhile the maker fills ti second mould. In sand¬ 
moulding, on the contrary, but one mould is used, and the 
maker, after filling it, turns out the brick on to a pallet or carry¬ 
ing-board. This distinction does not hold good in all cases, 
however, as with some clays (notably fire-clays) the bricks are 
slop-moulded, and then turned on to pallets by the maker. 
These differences in treatment really depend on the stiffness of 
the brick in the mould, and the extent to which it can be 
handled after leaving the latter. 

Bricks which have been moulded and turned out on to a pallet 
are placed on barrows, and a considerable number of them taken 
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to the hack or drying floor, which may be at a coneiderable 
distance from the maker’s table, but in some instances drying 
floors on wliich the makers move their benches to and fro axe 
employed. 

It is convenient, for the sake of clearness, to describe the 
sand and slop-moulding processes and the subsequent hand¬ 
ling of the bricks quite separately, though from the foregoing it 
will be understood that in some works portions of one process 
are made to follow those of the other, when the nature of the 
clay enaliles this to be done, and time or labour to be saved 
without detriment to the bricks. 

The moulder’s table or “ stool ” is very strongly made, about 
6ft. by dft. and about lift, high, it is provided with various boxes, 
etc., according to the method of brickmaking adopted, and whilst 
the shape and ^ize of the table and the fittings differ in various 
localities tlie i)rincipal arrangements are the same in all. 

In Skip-MmihUny the table is furnished with a box for sand 
and another for water, these being so placed that when the 
moulder is at work the sand-box is at his loft hand, the water- 
tank is in front of him, and the clay ready for use at his right 
hand, ample room being left, for the working of the clay. A 
larger tank for water stands at the left side of the table. 

In making a, sloii-moulded brick the workman sprinkles some 
sand on the vacant part of the table immediately in front of 
himself, takes a lump of clay sufficiently large for his puiqiose, 
and kneads it on the sanilod table to the shape of a brick. He 
then takes a mould and dips it into the water-trough so as to 
wet it thoroughly, at the same time cleaning it from any adhering 
material, and places it on the table. He next raises the rough 
shaped clot of clay and dashes it with considerable force into the 
mould, ’fhe next operation consists in compressing the clay so 
that it may fill the mould completely, and this is done by the 
workman using his hands, or a small flat board with a vertical 
handle called a “ plane The superfluous clay is then removed 
by the workman’s thumbs, an even surface being given by finally 
drawing a straight edged strip of wood (termed a “ strike ”) across 
the mould. The strike is then thrown back into the smaller 
water-box. A boy picks up the mould with its contents, and 
carries it to the dryer floor, where he lays it down, and with a 
skilful twtet of the hand turns out the ready-made brick on to the 
floor. Meanwhile, the man fills a second mould, and has another 
brick ready by the time the boy returns to the bench. 
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Numerous variations of tiiis process are known. Thus, the 
man may make the boy wash his moulds so that they are wet; 
and ready for use when required. Sand is not used in some 
oases, the mould being then placed on a moulding-board covered 
with fustian kept continually wet. Instead of a strike to smooth 
the face of the brick, a flat polishing tool or plane is sometimes 
used, both sides of the brick being smoothed in turn. In some 
yards, as already mentioned, the bricks are sufficiently stiff to 
bear more handling, and are therefore turned out on to pallets 
as described in hand-moulding. It will be seen that the distance 
the carrying-off boy has to travel must not be greater than will 
allow him time to return to tlie tabki by tlie time the moulder 
has a fresh brick ready. On this account, the men who work by 
the slop-method are compelled to bo close to the drying-shed, 
and usually work in it. The boy starts setting djwj) the bricks 
in a series of straight lines extending from the wall of the shod 
to the table, and as soon as a considerable portion of the floor is 
filled with bricks the table is moved to a fresh jiosition. The 
object of this is to reduce the distance travelled by the boy as 
much as possible, without unduly hindering the moulder by too 
frequent movings of the table. 

The bricks on the tlrying floor are often covered with a thin 
sprinkluig of sand to prevent them cracking, and may afterwards 
be taken to the kiln or to a hack-ground where they are stacked 
up for furtlmr drying. 

The output of a man working by the sloyi-metliod with the 
necessary attendance is seldom more than 10,000 bricks per 
week, and 1500 bricks per table is reckoned a. good day’s work. 
This is much loss than the output where sand-moulded bricks 
are made. Under specially good conditions, and with a clay 
which can bo worked fairly stiffly, a daily output of 2000 slop- 
moulded bricks can be reached, but is only maintained with 
difficulty. In Central Ireland the author has s(!en two men and 
two boys producing 1000 bricks per hour for fiv(“ hours at a 
stretch. They were extremely rough, and the clots prepared by 
one man were simply thrown into the mould and roughly 
“thumbed off” by another, the mould being kept in a tub of 
water when not being filled. 

In making mnd-moulded bricks a different mode of procedure 
is employed. ■ In this case the moulder’s table is provided with 
a deep rim at each end and partly along one side to keep the 
sand in place, a small box containing water for holding the 



HAND-BEICKMAKING PB0CESSE8 63 

strike, and a “ stock-board’’or “ bed ” on to which the mould 
fits close to the table, and often fastened to it is a projecting 
beam, 3ft. to eft. long, on which are two thin iron rods fastened 
parallel to each other, and which serve as rails along which the 
pallet boards may slide. This appliance is termed a “page". 
The moulder stands facing the table with tlie “ page ” at his left 
hand, and on his riglit is an attendant (often a woman) known' 
as the “ clot-moulder,” the sand for the use of these two workers 
being placed at the opposite ends of the table. 

In order to make bricks by this process, the clot-moulder 
sprinkles part of the table with sand, and, on the portion thus 
prepared, kneads up a lump of clay of the correct size into a 
rough brick and places it ready for the moulder. This man, 
having sprinkled the stock-board or bed with sand, plunges the 
mould into thp sand-heap and covers its inside surfaces with a 
thin coating of sand and places the mould on the bed. He then 
takes the clot preiiared for him, dashes it forcibly into the 
mould, and presses the clay with his fingers so as to completely 
fill the mould. This operation is known as “ walk-flatting ” and 
requires considerable skill. If the clot is too small sand-folds 
will appear on the face of tlie brick, and if too large it will not 
enter the mould properly. 

When the mould is filled, a suflScient thickness of clay should 
project from the top of it to provide a clean, raw base for the 
next brick, and care must he taken that the moulder takes this 
off with his thumbs or with a wire and lays it on the freshly 
sanded table with the cut face downwards. Otherwise, sand- 
folds are inevitable when the clot-moulder puts a fresh piece of 
clay on to this and proceeds to shape one clot from both. 

The excess of clay having been removed by “ thumbing ” or 
with a wire, the surface of the brick in the mould is smoothed 
by drawing a straight edged strip of wood (termed a “ strike ”) 
across it in such a manner that the arris of the strike removes 
any excess of clay. The flat side of the strike must not be used, 
and to obtain a good finish the strike must be kept very wet. 
The mould is next lifted from the stock-board, placed against an 
empty pallet, and, by a dexterous twist, the brick is turned 
out on to the latter and left on it on the page. The mould is 
freed froiii any adliering material, again sanded, and is ready 
for use. If the sand will not adhere properly to the mould the 
latter is wetted occasionally. 

The brick with its pallet is taken from the page by a boy and 
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placed on an off-bearing barrow, and when the latter ie full, sand 
is sprinkled over the bricks and they are carefully wheeled away 
to the hack-ground or dryer, where they are set on edge, in 
hacks eight or nine bricks high with the aid of a second pallet 
placed on top of the brick, so as to enable it to be carried and 
turned sideways. Very thick bricks should only be set five or 
six bricks high. 

The construction of the off-boaring Ijarrow is a matter re¬ 
quiring some attention. Too many of those in use are badly 
balanced (making the labour of wheeling unnecessarily great), 
or they are built too low for the most convenient work. A well- 
designed off-bearing liarrow anust bo capable of travelling over 
rough ground without the bricks on it being damaged, and yet 
the arrangement of the springs must be simple and not likely 
to get out of order. Spiral springs and those ot the bow tyjae 
arc not usually satisfactory, and a much bettor pattern is that 
Bup])lied by W. llracknell. In this the spring is a ])lain strip of 
steel with a double curve, and is so j)laced that tlie axle of the 
wheel is at the strongest and most rigid part of the barrow, 
whilst 'the bricks are supported by a spring of ample size and 
power. In most barrows the springs are placed in such a 
manner that strength is lost, and the “ life ” of such barrows is 
consequently short. 

With three barrows—one of which is always being loaded— 
two men to wheel and hack, a boy and a clot-moulder, a brick- 
maker can turn out 4000 to 5000 bricks per day if he is kept 
well supjiliod with clay, and a weekly output of 30,000 bricks is 
not infrequent. Where best (iviality facing bricks are required, 
a lesser output must be expected on account of the greater care 
required. 

Although the work looks easy, moulding bricks by hand 
really needs highly skilled labour, and it has with some truth 
been said that “ a good moulder is born and not made ”. Much 
may be done, however, by patient insistence and careful watch¬ 
ing on the part,of the owner of the works. 

Until lately, the moulds used for hand-made bricks were 
made of wood, but these have been largely superseded by brass, 
or as they are technically called “ copper ” moulds, or by those 
lined with or made of iron or steel. Wooden moulds are only 
suitable for sandy clays and it is almost essential that they be 
wetted during use (as in slop-moulding). Iron and steel lined 
moulds can be used with sand and without water, and brass 
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moulds need neither sand nor water, but are too costly and 
insufficiently durable for ordinary use. Zinc-lined moulds are 
much used for bricks of special shape. 

Brick moulds must be sufficiently rigid to preserve their 
shape perfectly in use, in spite of the force applied in filling the 
moulds, and yet they must not be so stoutly made as to l)e in¬ 
conveniently heavy. On this account wood is always used for 
the major portion of the mould, a metal lining being inserted to 
facilitate the turning out of the brick. Teak and oak are thi' 
best woods for this puipose; otlu'rs swell and shrink too much 
to be satisfactory. 

A typical mould has a lining oveslapping the woodwork on 
each side, and as tliis wears away the moulds must lie relined or 
replaced with new ones. This mould has no bottom, tlie lower 
face of the brjck being formed by the tabic on which the mould 
is laid. 

Another mould is of the. type (diiefly used in tlie. London 
district. It has a separat(i bottom or “ stock-l)oard ” which is 
fastened to the table by a peg at each corner. This stock-board 
is made of wood witli aji iron plat(i, a special centre-piece (termed 
the “kik ”) being used to make a frog or hollow centre-piece in 
the brick. The mould itself is a rectangular frame of iron, or 
wood faced with steel, which fits on to the stock-1 )oard and rests 
on the four corner jiins when in use. 

The use of four set-screws in idace, of these corntir pins, as 
suggested in Barton 
& Co.’s mould, fig. 

22, is a. great im¬ 
provement. In this 
case the plate B 
and the stock-bed 
A are fastened 
firmly to the table 
E by means of the 
bolt C, and the 
thickness of the 
brick can be regu¬ 
lated to the greatest 
nicety by altering 
the set screws A until a sufficient space exists between tlie to]i 
of the plate B and of the mould D. 

Box-moulds which have a fixed bottom piece attached to the 
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sides, shoifld only be used for fancy bricks. When plain bricks 
are being made they are little or no better than when the 
ordinary mould is used. 

Drying.—By whichever method of hand-moulding bricks are 
made, they must be dried before they can be placed in the kiln. 
The amount of water in the bricks will determine, to some 
extent, the best method for removing it, for if the bricks are 
very soft they must usually be laid out on a drying floor until 
sufficiently stiff to bear stacking. If, on the other hand, sand¬ 
faced bricks are made, they can usually be taken to the hacks 
and stacked immediately. 

In small yards where.hand-made bricks are produced, arti- 
flcial dryers are seldom worth installing, and a hack-ground will 
meet most requirements. If bricks are to bo made during the 
winter, however, a drying-shed heated by steam ,or a series of 
fires will bo necessary. 

The ordinary hack-ground consists of a large field. The usual 
allowance is one acre of land for each million bricks produced 
in the season, as level as possible, on which the bricks are laid 
in narrow rows about 50 to 80 yds. in length, and !) ft. to 12 ft. 
from centre to centre of eacli hack or row. 

The direction in which the hacks run is also important ; it 
should be north to south or north-east to south-west, so that both 
sides of the hacks should receive an equal amount of sun, and 
yet neither side bo exposed to the direct rays of the sun at mid¬ 
day. Small trenches should be dug running in the same direc¬ 
tion as the hacks, and 3 in. land drain-pipes laid under the hacks 
at intervals of every ten yards to secure ample drainage. Though 
not often done, it is a wise practice to use the earth dug out of 
the trenches to form small embankments on which to place the 
bricks. This simple arrangement will prevent a considerable 
number of bricks from being spoiled by wet weather. 

In very damp situations the bricks should not be set 


direct on to the ground btit on thin 
planks, or preferably on hollow pipes 
rectangular section 12 x 41 x 2^ in. 
(fig. 23) placed side by side. These 
“ tiles ” can be made quite cheaply in 
an ordinary pipe machine. They last 
Fja. 28—Hack tUe. several years, and the air passing through 

them prevents the green bricks from drawing moisture from the 


ground when such tiles are used. 
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Each row, or hack, consists of two' blades of bricks with a 
space of about 8 in. between each, The bricks are set on edge’ 
about 5 to 8 in. apart, the bricks in each row covering the 
spaces between those in the row below it, and the whole hack 
being about 36 in. high. In setting the bricks, each row must be 
laid along the whole length of the back before commencing 
another, as, if set to the full height at once, the lower bricks 
would collapse. 

When hacking bricks, the men should always lay a setting 
board (a kind of pallet board but sometimes a little thicker) on 
the brick, and lift the latter between the two Iwards and so carry 
and place it on the hack. Handling bricks with bare hands 
invariably defaces them, and is no quicker than when pallet 
boards are used. 

To protect the bricks from rain, the liacks are covered with 
small, roof-like structures made of light boards, though in some 
cases straw is laid on tire bricks. For many reasons straw is not 
satisfactory, and wooden covers, either of the portable kind shown 
or a permanent wood roofing over the hacks, should be used. 
For a clay of unusual delicacy it may be necessary to cover the 
bricks with straw to prevent too rapid evaporation of the moisture 
in them. Loose wooden covers, such as that in fig. 26, cost about Is. 
each. They should be made of 12 planks, 6 in. by § in., set at such 
an angle as to measure 42 to 48 in. across the bottom of the gable. 

For protecting the sides of the hacks from too rapid drying, 
draughts, or rain, sacks, matting, or loose boards are used, the 
last named being the best if properly constructed, though matt¬ 
ing has the advantage of permitting a freer circulation of air. If' 
boards are used they should be fastened together to form “ loos,” 
6 ft. long by 2 ft. 6 in. wide, with the strengtijeningribs lengthened 
to act as legs as shown in fig. 24. 

For better qualities of bricks, sheds containing racks must be 
used, or an artificial dryer installed. A good typo of plain shed 
for this purpose is that shown in fig. 25. According to A. E. 
Brown, such a shed 85 ft. x 30 ft. will dry 100,000 bricks per 
season, and leave ample room for the moulder and engine, and 
a clear 20 ft. x 30 ft. space for stacking dried bricks. The roof 
is of galvanized iron, with | in. match-board lining carried on 
posts 10 ft. apart. The sides are fitted with a double row of 
shutters, or they may be built of perforated bricks. The racks 
are 15 ft. long and 2 ft. wide and about nine shelves high, with 
gangways 3 ft. wide between them. 
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In some parts of the country, the bricks as they lie on the 

floor of the drying- 
shed, or during the 
process of hacking, 
are tapped gently 
with a clapper, which 
is a piece of wood 
rather larger than a 
lirick with a handle 
in the centre. This 
clapping is intended 
to remove defects in 
the shape of the hrick 
due to carelessness or 
accidents in the set¬ 
ting down. When 
liolished bricks are 
rc'quircd they must 
„ T be obtained with a 

wedgo - shaped tool 

termed a dresser, this operation being carried out on a bench 
or table about 4 ft. long by 2 ft. high, covered with a plate of 
iron or steel so as to give them an even surface. This toughens 
the bricks, corrects any accidental warping, and leaves edges on 
the bricks very sharp; but pressing has now replaced dressing 
on acount of the lower cost. 



Em. 25.—Drying shed. 


An end view of a hack is shown in fig. 26, which is drawn 
to scale. The height of the hack depends on the stiffness of 
the bricks. 

A different type of hack, which has been favourably received 
in Germany, is shown in fig. 27. It is more expensive to con- 
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struct than the temporary ones just described, and the wood 
has been preserved with creosote before use. As the sketch is 
drawn to scale, and the chief dimensions are shown, no further 
description is necessary, especially as in this country a dryer 
heated by steam or fuel is cheaper in the long run than is a per¬ 
manently erected set of hacks of the type shown. 

Skintling .—^UHien the bricks in a hack are half dry and are 
stiff enough to be handled, they are “ skintled ” or sot farther 
apart and diagonally to let air pass more freely through them. 
As the skintled bricks occupy more space than those set apart 



Fio. 2ti.—End view of haok. 

in the ordinary manner, the hack must b(! built higher so as to 
still accommodate the original number of bricks. 

Pressing .—When hand-made bricks are to be pressed, it is 
necessary to set them less than eight bricks high, and to take 
them to the press before they have become too dry. To prevent 
excessive drying of the ends, the bricks may be “ skintled ”. 
Bricks which are to be pressed require very careful watching, 
particularly in warm weather, and an ample supply of matting 
is necessary to prevent them from becoming too hard. The 
press most suitable for hand-made bricks is one which can be 
wheeled alongside the bricks in the hacks, and must therefore 
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' be of tlie portable, hand-power type. A number of sucb presses 
are on the market and are very similar 
to each other. Fig. 28 shows a press of 
this type made by the Brightside Foundry 
and Engineering Co., Ltd., which, in spite 
of minor defects, can be recommended on 
account of its portability and low,cost. 

A single motion of the lever closes the 
Ijox and presses the brick, and the reverse 
motion of the lever opens the box and 
raises the brick. The cover is thrown 
bnqk, leaving the top of the mould quite 
free for the removal of the brick and the 
insertion of a fresh one. The bottom piston 
is fitted with a groove all rojmd, in. which 
tli<« makers suggest coarse wool may be 
put for carrying the lubricating medium. 
Tliis wool may be soaked with paraffin 
and a small quantity of engine oil, and 
as the mould moves up and down this 
lubricates the sides. If not lubricated, 
tlie clay would stick to the sides of the 
mould, and a clean brick would not be 
turned out. If brick-press oil is used, the 
bricks are liable to scum in drying. This 
machine when operated by one man and 
£aio v/e>~ a boy will press SOOO bricks per day, or 
one man working alone can press 2000 
bricks and set them back again on the 
hacks to complete tlie drying. The press 
will need a considerable amount of clean¬ 
ing when sand-faced bricks are pressed, 
Vsa. 37.— German hack, jg needed to see that the mould 

is kept really clean. 

Fig. 29 shows a similar press made by John Whitehead & 
Co.i Ltd., in which the weight-lever is adjusted so that the pres¬ 
sure given can be adapted to bricks of varying thickness. 

The chief disadvantages of hack-drying are its extreme slow¬ 
ness (three to six weeks being required), the loss through bricks 
damaged by bad weather, and the very considerable expen 
diture necessary for repairs. The wheeling to and fro from the 
hacks, skintling, attending to matting, etc., are also expensive. 
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Md it may be taken as a general rule that from the moulds to 
the kilns bricks cost at least 3 b. 3d. per thousand for drying. 

.Sii/iM.—Hand-made bricks were at one time burned exclus¬ 
ively in clamps, but in more recent years permanent kilns have 
been used. Clamps are practically the only form of “ kiln ” used 
for stock bricks in Kent, Essex, and parts of Sussex, as clamp- 
burned bricks are preferred by architects and builders using 
bricks from these- countries. 

^ The choice^ of a kiln is largely determined by the quality of 
bricks it is desired to produce and by the financial status of the 



brickmaker. If hand-made bricks are made in relatively small 
quantities it is seldom desirable to burn them in continuous 
kilns 1 notwithstanding the low fuel consumption of this type of 
kiln, and clamps or single up- or down-draught kilns are, there¬ 
fore, preferable. 

Opinions differ greatly as to the best shape for a kiln for 
hand-made bricks, but the author prefers a rectangular to a 
circular shape, as he has found it both easier to build and set. 
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For outputs of 1,000,000 and upward bricks a year a continuous 
or semi-continuous kiln may be used with advantage. 

Various types of permanent kilns—both single and continuous 



Fio. 29.—Adjnstable lever preBR. 


—are described in Chapter 
VIII, as they are appli¬ 
cable to all kinds of build¬ 
ing bricks. Clamp kilns 
may, however, be more 
conveniently considered 
here as they have a special 
connexion with hand¬ 
made goods, being con¬ 
sidered essential for the 
m.'iuufacture of London 
stocik l)ricks in which fuel 
is mixed with the clay 
previous to its being made 
into bricks. The great 
popularity of the clamp 
for tem])orary ]>urposes is 
fully justilied where the 
ai)pearance of the liricks 
is of 1(‘88 importance than 
their strengtli, and it is 
wise for a firm starting a 
new yard to comme.u«e, 
with a clamp in order that 
tliey may thereby obtain 


bricks for erecting their buildings and permanent kilns. 


A damp is formed by setting bricks together in a special man¬ 
ner, so that they may lie efficiently baked without the necessity 
of putting them in a ])ermanent kiln. The term “ clamp ” is 
used in two senses—one moaning merely a temporary kiln and 
the other a special arrangement of bricks which it is necessary 
to use when the clay is mixed with fuel before being shaped. 
The latter meaning is the one used in the yards where London 
stock bricks are made. The chief characteristic of this latter 


kind of clamp is that the bricks become “ fireballs ” when the 


fuel contained in them gets sufficiently hot to burn, and the 
firing once properly started, no additional fuel is required. 

Many differences in detail in the construction of clamps are 
found in the various districts where they arc employed, and as 
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great skill is required both in the setting and burning of bricks 
by this method, only men really used to the work should be em¬ 
ployed. The following description by the late Edward Dobson 
is typical of the best practice around London:— 

A clamp consists of a number of walls or necks three bricks 
thick, about sixty bricks long, and thirty-four to thirty-six bricks 
high, in an inclined position on each side of an upright or double 
battering wall in the centre of the clamp, the upright being of 
the same length and height as the necks, but diminishing from 
six bricks thick at bottom to three bricks thick at top. The 
sides and top of the clamp are cased witli Viurnt brick. 

The ground is first carefully drained and levelled and made 
perfectly firm and hard. The exact position of the clamp having 
been fixed, the ground is formed with a flat invert, whoso chord 
is equal to the width of the intended clamp. The object of this 
is to give a “ Ifft ” to each side of the clamp, which prevents the 
bricks from falling outwards as the breeze becomes consumed. 
The ground being prepared, the upright is commenced. But, 
previous to building, the clamp barrow-roads, or tramways of 
sheet iron, are laid down between the hacks and extended to the 
clamp ground, to give an easy motion to the barrows used in 
clamping; the brinks being piled on each other several courses 
high on these barrows, and the wheeling caiTied on with con¬ 
siderable velocity, they are apt to upset. 

The iqtrigbl is (onimenced by building two 9 in. battering 
walls, about 45 ft. apart, of Inirnt bricks laid on edge which are 
termed close liolts, the length of each wall being equal to the 
thickness of the upright which at th(i bottom is six bricks thick, 
or about 4 ft. G in. (their height is sixteen courses or about 
6 ft.). Between these bolts a line is stretched, by which the 
upright'is built true. The ground between the bolts is paved 
with burnt bricks laid on edge, to exclude the moisture of the 
ground. Upon this paving are laid two courses of burnt bricks 
with spaces between them, t(!rmed skintles. In the bottom 
course of skintles the bricks are laid diagonally about 2 in. apart. 
The second course consists of burnt bricks on edge, laid across 
the lower one, in lines parallel to the ends of the clamp and also 
2 in. apart. In laying these two cours(!s of skintles, a live hole 
is left about 7 in. wide, the whole length of the upright; and on 
the completion of the second course the live hole is filled up 
with faggots, and the whole surfac(! covered over with breeze, 
which is swept or scraped into the spaces left between the bricks. 
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On this Bitrface is placed the first • course of raw bricks, laid on 
edge and quite close, beginning over the live hole. Over this 
first course of raw bricks is laid a stratum of breeze, 7 in. thick, 
the depth being increased at the ends of the uprights to 9 or 
10 in. by inserting three or four bricks on edge among,the 
breeze. The object of this is to give an extra lift to the ends. 
The first course of bricks, it should be observed, is laid “ all 
headers ”. Over the first layer of breeze is laid a second course 
of raw bricks on edge, “ all stretchers ”. This is covered with 
4 in. of breeze, and at each end are inserted two or three bricks 
to increase the lift still more, but this time they are laid flat not 
edgeways. Upon the 4 in. layer of breeze is laid a heading 
course of raw liricks laid'close, and on this 2 in. of breeze, with¬ 
out any extra lift at the end. To this succeed stretching and 
heading courses of raw bricks on edge, laid close up to the top of 
the clamp, a layer of breeze not more than f in. thick being placed 
on the top of each course, except on the top course which has 
3 in. of breeze.' The top of the upright is finished by a close 
bolt of burnt bri(;ks. The upriglit is built with an equal batter 
on eacli side, its width diminishing from six bricks lengthways 
at tlie base to throe Itricks hmgthways at the top. In order that the 
upright should bo porfoetly firm, it is necessary that the bricks 
should be well tied in at the angles; and, in order to obtain the 
proper width, the bricks are placed in a variety of positions, so 
that no very regular bond is preserved, as it is of more conse¬ 
quence to keep the batter uniform. 

The close bolts first commenced, and which form the outer 
casing of the clamp, are not built close to the raw bricks, there 
being a small space left between the clamp and the close bolting, 
which is filled up with breeze. The close bolts, however, are 
built with a greater batter than the ends of the upright, so that 
they just touch the latter at the sixteenth course, above which 
the clamp is built without any external casing. When, however, 
the upright is “ topped,” and whilst the top close bolting is going 
• on, the casing is continued up to the top of the clamp. This upper 
casing is called the “bestowing,” and consists of five or six 
courses of burnt brick laid flat, forming a casing 4^ in., or half a 
brick thick; and above the sixth course the bricks are laid on 
edge, forming a still thinner casing only 3 in. thick. When the 
weather is bad, and during the latter part of the brickmaking 
season, a little extra bestowing is given beyond what is here 
described. The great, art in clamping consists in the proper 
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oonetruction of the upright, as the stability of the clamp depends 
entirely upon it. 

The remainder of the clamp consists of a number of necks 
or walls leaning against the upright. They are built in pre¬ 
cisely the same way as the upright, as regards invert, close bolts, 
paving, skintling, breeze, and end lifts. But there is this essen¬ 
tial difference, viz. that they are parallel walls, built in alternate 
courses, of headers and stretchers laid on edge, each heading 
course in one neck being opposite to a stretching course in the 
next neck, and vice versa. The thickness of each neck is made 
up of three bricks lengthways in the heading com'ses. The 
necks are closely bolted at the top,.and “bestowed” in the 
same manner as the upright. When the last necks have been 
built, tlie ends of the clauij) are close bolted, and “ bestowed ” 
in the, same way as the sides, and this operation completes the 
clamp. 

The number of necks on cacli side of the upright may he 
extended to eight or nine, without an additional live hole; but 
if this limit lie exceeded, additional live holes arc required. 
According to the judgment of the hrickniaker or the demand 
for bricks, the live holes are placed seven, eight, or nine necks 
apart. It is not necessary that the additional live holes should 
pass under the centres of the nooks, and it is more convenient 
to form each live hole so that the face of the last built neck 
shall form one of its sides. 

The ere(!tion of a good (danq) is a dillicult oi)eration which 
can only be learned by experience. 

Firing a Clamp .—The fuel used in burning the laid bricks 
consists of cinders (breeze., as before described) which are dis¬ 
tributed in layers between the courses of bricks, the strata of 
breeze being thickest at the bottom. To light the clamp, live 
holes or Hues 7 in. wide and 9 in. high are left in the centre of 
the upright at every seventh or neck. Those live holes extend 
through the whole thickness of the clamp and are filled with 
fraggots which, being lighted from the outside, soon ignite the 
adjacent breeze. 

The fire is kept up for about a day, until the faggots ip, the 
live hole arc thoroughly ignited, and as soon as this to 

be the case, the fire is removed, and the mouth bole 

stopped with bricks, and plastered over with (fiigpj^^mbftar* ^ M' 
firing a large clamp with many live holeaj^llppptiid be bflgifti at, 
one end only, the live holes being flr^,;^^(^^tessipn brie after 
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another. Tlic claiup Imrns until the whoh' of the breeze is con¬ 
sumed, which takes from tliree to six weeks. 

Tlie bricks at the outside of th(' clam]) iixe usually unclerburned; 
tliey are called “ ))urnovers,” and are laid aside for reburning in 
the next clam]) that may be built. The bricks near the live 
holes are gemrally partially melted arid run together in masses 
called “clinkers” or “burrs”. The l)ricks which are not fully 
luirned are called “phice bricks” ,ind are sold at a low price, 
l)oing unfit for outside work or situations whore they will be 
subjected to much pn^ssure. The clinkers arc sold by the cart¬ 
load for rock-work in gardens and siniihir purposes. 

The number of underburned 1 iricks from the edges of the clamp 
(“ burnovers ”) may be greatly reduced by feeding a little coal 
into them during the l)urning of tlie cli\mp, or to a less extent i)y 
])artiiilly covering the to]) of tlie clam)) with asliestos sheets so 
iiB to throw the draught, more to the sides. The best way is to 
jilact) a. row of screenings or small hard coal along each side of 
the clam]), iit the lo]), forming it ijito a ridge jibout 12 to 18 in. 
high. The bricks iit the outside ari’ set a little more openly 
than usual, and a row of skintled bricks terms the outer row. 
^¥hen the bricks nearer the centre of the kiln are well under 
tire, the burner goes on to the to]) of the kiln, and with a broad- 
ended poker iiushes the bricks under the coal ridge aside and 
allows a little coal to fall among them. This o])er!ition is re[)eated 
every forty or sixty minutes, care being taken not to drop suf¬ 
ficient coal down to choke u]i the Hues and not to add a fresh 
portion until the previous one is niaii'ly all burned away. This 
method may also be used with great success in eontinuous kilns 
of the archless type. 

The quafitity of bn'czc required v;iries much with the (piantity 
of earth. The usual j>ro])ortions for every 10(»,(I0P bricks are 
about 12 tons of the sifted ashes, inixol with th(‘ brick earth, and 
about 4 tons of the cinders, or breeze, to light the clam]). 

The quantity of fuel to the live holes it is difficult to calculate; 
about 2s. may be taken as the iiverage cost of coals and wood 
for every 100,000 bricks. If the proportion of breeze be too small, 
tKe bricks will be underburned, ivnd will be tender iind of a pale 
c6te||f^fej|y, too much fuel bo used, there is a danger of the bricks 
fusing ^n^^ll^ing into a blackish slag. 

Anotner of clamping is to begin at one end and to 

follow with the mit^ in one direction only. This is done when 
the clamp grou^l^l^^jy^.occupied by the hacks, so as to render 
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it impossible to commence at the centre. When this system is 
adopted, the clamping begins with the erection of an end wall, 
termed the upright and outside, which is made to batter very 
considerably on the outside, Imt of which the inside face is 
vertical. As regards dimensions and modes of building, the out¬ 
side and upright are built in tlie same way as the ordinary upright, 
l)ut it has, of course, no live liole under it, the first live hole be¬ 
ing provided in tlie centre of th(' second or third neck, fn this 
style of clamping the micks arc' all upright. The livi' holes are 
placed at every eighth or ninth neck, as in the usual system. 

The inactico with regard to the paving of 1 lurncd bricks is very 
variable. Some clampers omit it altogether, others pave only 
when clamping for the first time on a new ground. When burned 
bricks run short, as in luiildiiig the first (damp on a new ground, 
the second course is laid with raw bricks. Tliis is, however, a 
very objoctioiiablc practice. 

The live holes are sometimes close lioltcd at the sides to iwe- 
vent the lireez(( from the skintles falling into them. This is not 
often done, and its utility is (]U((8tionable. 

Some clampers put the 7 in. stratum of bree/.e, on the top of 
the skintles inst(!ad of placing it over the first course of raw 
bricks; very frtMjnently the breeze is disjx'.nscd with aftiu’ the 2 
in. stratum, with the ('xception of the top layer. All clami>erH, 
however, agree as to the iiecessity of having the 7 in., 4 in., a,nd 
2 in. layers. Where breeze (cinders or coke) cannot be obtained, 
small coal or a)ithracite (culm) may be cuptloyed, and in Ire¬ 
land ])eat or turf is used, thougli with inditl'erent success. 
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PLASTIC MOULDING BY MACHINERY. 


In order to overcome the difficulty of olrtaininp; skilled moulders 
—a difficulty which has greatly inore.ised within the last fifteen 
years—various machines have been placed on tlie inai'ket which, 
it ij claimed, do away with the skill ordinarily required in mould¬ 
ing by hand. These machines must not bo confused with others 
in which no resemblance to hand-moulding is attempted, though 
this latter class of machine has increased enormously in popu¬ 
larity ill recent years on account of the largo outputs possible. 

Machines which seek to replace the skilled labour of the 
moulder arc usually designed so as to force the clay into box 
moulds, similar to those used in hand work, from a box or tank, 
by means of either a pug-mill or special knives. Their great 
drawback has been the ineffi^ctive filling of. the moulds and the 
inclusion of air within the bricks, but in the machines described 
below, these difficulties have been sufficiently overcome to make 
the manufacture of bricks by them satisfactory and far simpler 
from the managerial point of view, at any rate as far as certain 
mild clays are concerned. 

In many districts the wire-cut jirocess of brickmaking is dis¬ 
placing the soft mud machines, though where a facing of sand on 
tho bricks is demanded, the latter machines, or hand labour, 
must be used. 

It is essential that all machines used for making sand-faced 
bricks must be provided with some, safety release which comes 
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faced bricks are in great demand it will probably be necessary to 
use a machine of the “ Monarch ” or “ Bearden ” type, in which 
the production of hand-made and sand-faced bricks is skilfully 
imitated. Where a dryer can be employed, and the sand-facing 
of bricks is not considered necessary, a wire-cutting table attached 
to a pug-niill press will be cheaper for a moderately large out¬ 
put, especially as bricks with a wonderful accuracy of form and 
size can be obtained by means of a re-press. Hand-made bricks 
can also be re-pressed if desired, though in this case a portable 
press is invariably used. The disadvantage of pressing sand-faced 
bricks is that a large amount of cleaning of the press is necessary, 
but a strong lad sliould be able to press, unaided, and re-placc 
on the hack for hnal drying, at least 1250 bricks per day and 
1500 should be considered a reasonable output. It is better in 
pressing sand-faced bricks to work in this w:i.y instead of wheel¬ 
ing the bricks to a permanent press and back again to be dried. 

Fig. :10 is an illustration of the “ Monarch ” sand-faced brick- 
makijig machine made by Maxtcd & Knott, Ltd. The clay used 
in this machim^ may be freshly dug, weathered, or washed and 
dug out of the wash-back, according to the circumstances and 
to the imiiurities (if any) in the clay. Th(' machine will allow 
the clay to be in a very soft state, softer even than c.an be used 
in a hand mould, or it will also work with fairly stiff clay; but 
if too stiff the material is liable to stick in the moulds and so 
cause trouble, or it may break the. knives. Sand, similar in 
every way to that employed in hand-brickmaking, is used for the 
moulds filletl by the machine. 

The upper part of the machine consists of a double pug-mill, 
from which the clay is passed down to the presses and delivered 
to the moulds immediately beneath it. The action of the presses 
is somewhat similar to that of'the man’s fingers and thumbs in 
hand-moulding and is reciprocating, not rotary. A lad takes the 
moulds out of a sanding-tank, places them at the back of the 
machine, and after the clay has been mechanically pressed into 
the moulds in the front of the machine, the mechanism at the 
back brings another set into position under the die. A man 
standing in front of the machine takes the mould and scraps off 
the surplus material with a “ strike ” (p. 53) and hands-^. to an¬ 
other man, who inverts the mould on to the turnr^al:^ and lifts,, 
it from the bricks which are thus depositejd!^-pallet ^saPdi 
which have been previously placed upon tltoJ&-tablQ;Jjy'a lad; 
The man then turns round, puts, the.Ji||^^ tond^, and 
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gives the turn-tivl)le ii push, phiciug a vacant leaf of the turn¬ 
table before him, and placing tlic loaded leaf opposite another 
man who takes off the bricks and puts them on to an off-bearing 



barrow or a dryer car as the case may l)e, five or six bricks being 
made at a time. The whole operation is very simple and requires 
no skilled labour. 
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The amount of pressure exerted on the clay in the moulds 
can bo instantly regulated by moving a small lever in the front 
of the machine. This lover engages one of several teeth on the 
cam of the front shaft, carrying the clay presses or “ wipers,” 
and therefore determining to what extent the clay in the mould 



Fia. 31.—Norris bj-ick umohine. 


shall b(i pressi'd. This ciqiability of regnhition is ess<?ntial in 
order to prevent difliculties due to variations in the stiffness of 
the clay. When stones iind otlier liard materiids are’present, 
they pass out through safety doors controlled by siuings at the 
front of the machine. 

The Norris patent mechanical briiik-moulder (fig. ffl) (made 
by the Brightside Foundry and Engineering Co., Ltd.) is similar 
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in many respects to the foregoing, but is of an older type, though 
a great improvement on many of so-called “ soft mud ” machines 
which have been used more in America than here. The clay is 
mixed in a pug-mill in the upper part of the machine and forced 
below a plunger. The latter then descends, filling a mould at 
a stroke and compressing the clay. On the plunger rising, the 
mould is pushed to the front of the machine, struck, bumped (to 
loosen the bricks), and their contents turned out on to pallet 
boards. Each mould makes three bricks at a time, the patentee 
claiming that this is better, with his machine, than producing a 
larger number simultaneously. Ample time is allowed for the 
operation of cleaning, sanding, and replacing the moulds, and 
effectual means are adopted for jneventing the clay displacing 
the sand as the former enters the mould. The Norris machine 
requires about .‘i h.p. to drive it, and can make 8000 bricks per 
day under normal conditions. 

The “ Norris ” machine ap])ears to be suitable for making 
fire-bricks, and can be worked by horse power or by an engine. 

In this respect it resembles a larger and more powerful 
machine (fig. 82) with an outjmt of 20,000 bricks per day, made by 
T. C. Fawcett, Ltd. The feature of this last named machine is 
its open construction and largo size, whereby repairs and break¬ 
downs are reduced to a minimum. It is best worked in con¬ 
nexion with a pair of granulating rolls (which separate small 
stones) and an automatic sand-moulder, such as the one shown in 
fig. 83, supplied by the same firm. The addition of a simple belt- 
conveyer (fig. 84) is often necessary in order to get the clay easily 
into the machine. 

The use of a disintegrator in conjunction with a machine of 
this kind enables many clays which would bo regarded as useless 
for hand-brickmaking to bo satisfactorily worked in a soft-mould 
machine of the various typtis described. Even when it is not 
absolutely necessary a disintegrator is often used, as it absorbs 
less power in breaking up the clots than would be needed if they 
were allowed to enter the pug-mill of the machine. 

Another moulding machine for sand-faced bricks, suitable for 
small yards and for places where skilled moulders are difficult to 
get, is Eddington’s Moulding machine (fig. 3,5), made by James 
Buchanan & Son. Like the machine just described, it forces a 
column of clay into two sanded moulds, each of which is filled 
alternately. The clay is cut off by a wire drawn across the 
mould, which is then moved forward. The surface of the brick 
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is smoothed with a strike, the mould opened, and the brick 
placed on the pallet ready to go to the dryer or hack. The 
special feature of the Eddington machine is the mould, which is 
specially designed to overcome the difficulty usually experienced 



in emptying box moulds. On this account, the sides of the 
mould are made in two pieces connected in such a manner that, 
on moving two small arms or triggers, the mould expands and 
leaves a clear space all round the brick (fig. 36). 


Fro, 32.—Anglo-American brick machine. 
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Fio. 34.—Arrangement of plant for macbine-monlded bricks. 
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This machine produces a good square brick, free from sand 
folds, though not of quite so good a colour as a hand-made sand- 
faced brick. It is made in two sizes, the No. 2 machine having 
an output (according to the makers) of 3000 to 4000 bricks per day. 

WIRE-CUT BRICKS. 

An entirely diflferent method of manufacturing bricks is that 
in which the wire-cut system is employed, the clay being thrust 
out of a pug-mill in the form of a belt or band of (day, 9 ins. wide 
by d^in. high, which is cut into bricks by means of wires or 
rotating knives. Bricks made by this process are equal in shape 
to tliose made by hand, and the rapidity and ease with which 
they can bo produced by unskilled workmen, is such as to make 
this method exceedingly popular. It is jtarticularly suitable for 
clays worked up into a ]dastic paste of moderate stilfness, but 
can, on occasion, be used in connexion with what is ordinarily 
known as the “ stiff-plastic process ”. It is especially intended 
for earths which do not re(inire washing or other preliminary 
treatment in order to purify them. 

The underlying princijde involved in making wire-cut bricks 
is the conversion of tlie (day into a paste and passing it through 
a pug-mill, or closed mixer, to the discdiargo end of which a die 
is fitted. The successful manufacture of wire-cut bricks depends 
upon the durability and accuracy in shape and size of the die, 
the ease with which the clay passes througli it, and the extent 
to which consolidation is produced without lamination. Whilst 
apparently simjile, the wire-cut method of brickmaking offers 
many difficulties to the inexperienced hrickmaker, and it is 
therefore described fully in the following pages. 

Almost any clay which can be made into a jdastic paste of 
sufficient .stiffness can be made into wire-cut bricks, providing 
that it is sufficiently fin(dy ground. The custom of permitting 
pieces of stone and other hard material of more than one-six¬ 
teenth inch diameter to got into the machine used for this pur¬ 
pose is unsatisfactory, as the wires are unable to cut this material, 
and the cut faces of the bricks are thereby rendered unsightly. 

There is a great temptation for brickmakers to employ rolls 
to crush everything taken from the clay-bed without regard to 
its nature, but this practice is detrimental to the production of 
good bricks; so that whilst rolls are invaluable for enabling 
materials to be used which cannot, otherwise, be employed in 
brickmaking, they do not by any moans abolish the necessity 
for care in the selection of materials. 
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Opinions differ greatly as to how far grinding is necessary, 
but the author is convinced, as the result of extensive observa¬ 
tion and wide experience, that clay for making wire-cut bricks 
should always be sufficiently fine to pass through a sieve having 
twelve to twenty holes per running inch. Coarser ground ma¬ 
terials are never, in his experience, really satisfactory. The clay. 



which should preferably have been weathered (page 22), may be 
treated in a variety of ways according to its nature and the impuri¬ 
ties in it, and nothing less than a good knowledge of the material 
itself will enable a man to state the exact treatment necessary. 

The following are the most impoi-tant arrangements of plants for 
the manufactureof bricks by the wire-cut process for plastic clay:— 
(a) A Pug-mill with Mouthpkceor Die, and Cutting Table (figs. 37, 
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88). This is very suitable for clean clays which are not too strong 
or sticky, and is specially good for loams of good quality. It is the 
final portion of all the ])lant used for wire-cut brickmaking, and 
simjdy effects a mixture of the clay and water so as to form a 



Fici. :is.— Hoi'izontal triok machine. Typo n. 

homogeneous.paste, and sliapcs this by forcing it through the 
mouth])iece on to the table, where it is cut into bricks. It can, 
if proi>erly arranged, be enlarged by the addition of rolls and 
mixers. 

(b) Pug-mill, Expression Rolls and CuUmg Table (fig. 39). This 



Fifl. 39.—Brick machine. Type b. 


arrangement is specially used for clays which tend to produce a 
core or lamination when tin' die is attached direct to the pug- 
inill. 

It is only suitable for clay free from hard and stony matter, 
and is most adapted for use with strong plastic clays. Either a 
liorizontal or vertical pug-mill may be used. 
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(c) Crushing Bolls, Pug-mill, Die, and Cutting Table (fig. 40). 
This axranpment is used where the brick oartii is strong (plastic) 
and contains hard lumps of clay or stones. It is suitable for 



materials which cannot be made into bricks by simple pugging, 
on account of the hard portions just mentioned, as these would 
catch the wires of the cutter and would produce an unsightly 
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cutting Table (fig. 41) 


Fio. 41.—Brick machine. Type d. 
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to be treated. Usually the upper pair of rolls is provided with 
grooves—see figs. 46, 53 and 54—which prevents the clay from 
adhering and so being carried round the rolls (see “ Kibbler Rolls ”). 



The second rolls are smooth and set much closer together than the 
first ones. 15 to 30 h.p. is needed for a daily output of20,000 bricks, 
(e) Three sets of Bolls, Pug-mill, Die, and Cutting Table (fig. 42). 
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This plant is used where hard stones or lumps of hard clay are 
present in such quantities tliat a smaller number of rolls is in¬ 
sufficient to crush them. Tlie first (uppermost) pair of rolls is 
usually grooved or spiked, tlie second pair being set J to | 



is required to drive this plant effectively. 

(/) A Feeder or Mixer, two or three sets of Bolls, Pug-mill, Die, and 
Cutting Table (fig. 43). This is similar to arrangements (c) and 
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{d) but is preferable where several clays arc mixed together, or 
where the clay is of a very varied character. The feeder, or 
mixer, effects a preliminary mixture of the material and, by 
supplying it in a regular quantity to the rolls, makes it easier to 
keep the machine working under the best conditions. The 
power required to drive this machine is about 50 h.p. 

(g) Grinding Mill, Bolls, Bug-mill, Die, and Cutting Table (fig. 44). 
In place of a mixer as in (e) it is sometimes better to use a 
grinding pan, particularly if the earth contains mucli material 
of a rocky or gravelly nature. The employment of a grinding 
mill in connexion with the plant is also advantageous wlien the 
earth is somewhat deficient in plasticity, and would otherwise 
require much tempering. In this arrangement the clay is de¬ 
livered as regularly as possible into the mill where it is mixed 



with the necessary cpiantity of water. After being ground and 
mixed by the action of the mill runners, it passes through a 
grid in the bottom of the pan to the rolls and thence to the pug, 
die, and table. Such a plant will require 60 h.p. to yield an out¬ 
put of 20,000 bricks per day. 

(h) Feeder, Grinding Mill, Bolls, Pug-mill, Die, and Gutting Table. 
(fig. 45). This is the same arrangement as (/), but fitted with a 
preliminary mixer or feeder. This addition greatly improves 
the quality of the bricks when several clays are mixed, or when 
a complex earth is used. Such a i)lant will often work satis¬ 
factorily with unwashed London clay when others have failed, 
and it is specially adapted for use with very strong and sticky 
clays. The power required to drive varies with the clay or earth 
used, but is about 55 h.p. for a daily output of 20,000 bricks of 
strong clay; with milder eartlis it is less, as one pair of rolls may 
be omitted. 
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(i) Bolls, Mixer, Two more sets of Bolls, Pug-mill, Die, and Cutting 
Table (fig. 46). This arrangement of plant is suitable for some 
strong clays, marls, or shales, wliere repeated crushing and mixing 
is needed, or where the use of a grinding pan is impracticable on 
account of the excessive hardness of the material and the im¬ 
purities it contains. 

When two sets of rolls are sot before the mixer, or when the 
material is parsed through two sets of rolls before entering the pug- 
mill, the usual arrangement for Staifordshire is obtained (fig. 47). 
This gives the material an exceedingly thorough treatment, 
and owing to the amount of power required should only be used 
when absolutely necessary. 



Fift. 45.—Brick plant. Type h. 


When the full set of plant just mentioned is used, tlui hardest 
materials can bo fully ground and tempered. Somewhat softer 
earth can be more conveniently treated by the plant referred to 
in (/), (g), or (i). 

(/) Feeder, QrMing Mill, Bolls, Mixer, Bolls, Piig-mill, Die, and 
Cutting Table (fig. 48). This forms a suitable plant for hard 
materials which require much tempering, but for which it is not 
necessary to use the arrangement (h), though that described 
under If) is not sufficiently strong in tempering or mixing power. 

(k) Grinding Pan Mixer, Pug-mill, Die, and Cutting Table. This 
is a simplified sirrangement of (i) and can be used for materials 
of considerable, but not excessive, hardness. It is capable of 
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developing the plasticity of lean materials to a remarkable extent 
and is specially recommended for fire-clay and shale, these 
materials being screened before they enter the mixer. 



Selection of Plant .—The selection of the plant to be used for 
a given material must depend largely on the nature of the latter, 
and particularly on its hardness and plasticity. It is wise to so 
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arrange the plant that additional rolls or mixers can be easily 
applied, if necessary, but these should not be purchased until 
they have been found to be really necessary. Many brickmakers 
use too much machinery for their work, and a study of the 
requirements of certain earths often enables a brickmaker to 
effect a considerable saving in the amount of driving power 
required. Whatever arrangement of plant is used it is essential 
that it shall be strong, well made, and of good design and ma¬ 
terials. In this connexion the following information about the 



Fid. 47.— Plant (Typo i) for Staflfordshiro “marls”. 


various ])ortion8 of machinery required in the foregoing arrange¬ 
ments of plant may be useful. 

Gruelling Rolls (fig. 49) are employed for reducing clays wliich 
are too moist or plastic to be ground l)y other means. Dry or 
hard clays are preferably treated in an edge-runner mill, 
particularly if a stone breaker is used as a preliminary crusher. 
These rolls consist of a pair of strong cylinders, or rollers, usually 
smooth and placed side by side, so that when the clay is fed on 
to them the rotation of the rolls forces the clay downwards and 
reduces it to a size comparable to the distance between them. 
They are driven by a simple gearing through a bolt or clutch. 

Both rolls in a pair may be driven at the same speed or one 
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larger than a man’s 
head occasionally 
have to be dealt with, 
but it is safer to break 
these by hand. It is, 
therefore, necessary 
to have the roller 
machinery built very 
rigidly with no 
skimping of metal for 
the sake of cheapness. 
The strong thrusts of 
the machine must be 
properly taken up by 
suitable ties, springs, 
and bearings, and 
each part must be 
readily accessible for 
repairs and renewals. 

Rolls vary con¬ 
siderably in size, 
being from 18 in. to 
24 in. in diameter 
and 2 ft. to !H ft. long 
and are made of 
specially hardened 
iron, soft iron cores 
oast in iron chills, or 
of iron cores with 
steel rims. A par¬ 
ticularly ingenious 
method is that em¬ 
ployed by John 
Whitehead & Co., Ltd. 
This construction en¬ 
ables a shell of any 
desired hardness to 
be used, and this is 
fixed truly in position 
on the shaft by means 
of the two cast iron 


ends with bevelled edges. These ends are drawn together (after 









PLASTIC MOULDING BY MACHINKBY 


89 


the shell has been placed over them) by means of two iron bolts. 
A boss on the inside of the shell locks into a projection on the 
left end and prevents the shell turning independently of the 
shaft. 

Instead of the rolls being true cylinders and of the same 
diameter throughout they may be conical in shape. This enables 
them to automatically throw out a portion of the stones in the 
clay which, with cylindrical rolls, would be ground up. Only 
large stones can be separated in this manner. It is often con¬ 
venient to make rolls in three or more portions, so that as one of 
these wears away only a portion of the roll needs renewal, and 



Pm. ,'50.—Bolls with interchangeable sections. 

by interchanging the centre and otluT rolls the need for new ones 
may be indefinitely delayed.' 

Rolls of this type are a feature of the “ Lancashire ” machine 
made by Sutcliffe, Speakman & Co., Ltd. (fig. 50). In this, the 
sections are all made interchangeable, so that as the centre 
sections wear they can be jtlaced at the outer ends of the rollers 
and the end sections placed in the centre. Brickmakers who 
have any stony materials to deal with uiucli appreciate this 
arrangement, as on the old system the rollers always wear away 
in the centre and do not permit of them being closed up unless 
the rollers are taken out and turned up in the lathe. The 
sections should be rearranged frequently, even if little wear is 
shown, so that the rollers will wear parallel. To enable this to 
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be readily done all the gearing is so placed that one frame only 
re(p]ires unbolting, when it can bo drawn away, as shown, to 
permit of the sections being placed as desired. 

The rollers, in this machine are made large in diameter and 
narrower than is the usual practice, and as tluiy run at a high 
speed the clay is very well ground. One roller is made to go at 
a greater speed than its fellow, this giving a differential shredding 
action. 

All rolls should be provided witli a relief escape, or a safety 
slipping clutch to prevent the risk of ))re,akage should a piece of 
ironstone or other hard metal get into the machine by accident, 
or should the resistance to crushing be, so great as to endanger the 
machine. Instead of two sets of rolls arranged one below the 
other, some firms employ three rolls so ])laced that the clay 
receives two distinct crushiugs. Machines of this type are shown 
in figs, bl and 52. 

A hopp(^r is often deBiral)le. to se(!ure the material Ixhig fed 
into the luachim' luoperly ; end jdatcB will serve to jwevent its 
escaping. Scra])ers are sometimes necessary when sticky (days 
are litdng crushed. 

Lubrication is of great im]iortanc,e, and if neglected will canse 
a great waste of driving power. 

For good work it is essential that the rolls should run truly, 
with no variation in the sy>aee b(t,ween them, and some sini])le 
method of adjustment should lie jirovided to enable them to be 
set closer togetlnir when slightly worn. 

The distance of the rolls from each other i]i each pair is 
important. If only one yiair of rolls is used they cannot well lie 
sot closer than half an inch, but if two or more jiairs are em¬ 
ployed the first should lie moderatidy wide ajiart—uji to 2 in.— 
the second should be closer, and the final pair should be set as 
closely as possible. Some brickmakers work with all the rolls 
too wide apart; this is foolish, as it permits stones to be mixed 
with the clay and to be made into bricks, and it is then imjiossible 
to make goods of best (juality. To obtain satisfactory results, 
the clay should come from the crushing rolls in the form of a 
thin sheet, like coarse brown ]>aper. It is almost impossible for 
a single pair of rolls to produce this. 

The rolls should be made of chilled iron or steed, or covered 
with a steel hoop truly turned with a lathe, but for the coarser 
rolls this accuracy is unnecessary, as they are not intended to 
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crush the clay so thoroughly. Steel-rimmed rolls are always 
more desirable than those of chilled iron. 

Close-set rolls must be kept true in shape, and when they 
are used it is necessary to have an extra pair of rolls which may 
be used whilst the worn ones are being turned true. Bolls which 
are supposed to be run close, but which have a wider opening in 
the centre than at the edges, are useless for good work. It is 
deshable that rolls which are intended to work close together 



Fio. .52.—Buchanan’s tripIe*roll crusher. 

should lie provided with renewable rims so that these may be 
replaced when necessary. More difficulties in working certain 
clays arise from worn rolls than from any other single cause; 
the rolls should therefore be frequently examined. 

Crushing rolls are usually smooth but, for preliminary crush¬ 
ing, rollers with projections, bars, teeth, flutes, grooves, corruga¬ 
tions and other uneven faces are employed. Sticky clays require 
these irregular surfaces, as smooth rollers do not possess enough 
adhesive power to crush the material. The nature of the pro¬ 
jection is largely a matter of individual tasto, though the 
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greater the projection the greater the'power of the rolls. Hence 
teeth and bars are better than grooves for sticky clays, but 
corrugated or grooved rolls are best for stony clays. 



Fw. 53.—Toothed criwhing rolls (Whittaker). 


Many designs of projections and grooves are in use, some of 
them being comparatively valueless. Amongst the best are 
hedgehog (toothed) rolls (fig. .'53) kibbling rolls, (fig. 54) and 
corrugated rolls. 



Flu. 54.—Kibbling rolls. 


The projections on one roller engage with those on another, 
and the combined action of the two on the clay is much more 
powerful than when smooth rolls are used. The material is 
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cauglit betwooii the projections, and being unable to escape is 
crushed sufficiently to enable a succeeding pair of smooth rolls 
to deal with it effectively. 

Broad spiral corrugations running right and left hand re¬ 
spectively, throughout tlie entire length of the rolls, often increase 
the rapidity with which a sticky material may be crushed, and 
the larger portions are conveyed to one end of the rolls and drop 
into a special receiver. According to their nature these portions 
may be discarded, as stones, or may be reduced by hand or other 
means. The use of corrugated rolls is, in fact, one of the simplest 
methods of separating stones from clay. The corrugations should 
be so arranged that the projections in one roll should fit into the 
depressions of tin* otluV, so that wear may be compensated and 
the rolls ke])t set close together. 

For stony (days of a sticky and tough uatur(! the rolls should 
be both comigated and conical; this is far superior to the use of 
smooth conical rolls, as the corrugations convey the material to 
the large ('iids of the cones wh(*ro the clay is crushed in conse¬ 
quence of the.greater peripheral speed. High speed rolls with 
projections are popular in Anierica, and are. very efficient for 
clays which are not too hard. The rolls should be made in 
sections for easy renewal, as the wciw on them is much greater 
than in a slower machine. This is fully balanced by the in¬ 
creased outj)ut and the conditioji of the product. The projections 
or lugs should not go the whole length of tiic roll, but should 
have intervals between each. By re;irranging the worn sections 
on the same roll the wear is mor(* evcidy distributed. 

The use of crushing rolls is simple enough, provided that the 
works possess the means of having theni trued and properly set; 
otherwise they may cause much trouble through their not crush¬ 
ing the clay sufficiently, and in such cases it may hajipen that 
an edge-runner mill will give better results. This is not always 
the fault of the rolls, but often of the clay or the man in charge. 
It is of the greatest importance in making wire-cut bricks that 
the material should be finely ground and entirely free from lumps. 
The size of the jiarticles should not, on the other hand, be exces¬ 
sively small. 

Grinding Mills or Edge-Bunners are of two main classes: (1) 
Those used for crushing dry materials to a powder and known 
as “ grinding mills,” and (2) those employed for crushing moist or 
wet materials, and at the same time mixing them so as to obtain 
a more uniform composition, and known as “ wet pans ” or (less 
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correctly) “ pan nnlle Both classes of mill are used in the 
manufacture of wire-cut bricks made by the plastic process, but 
for convenience mills for grinding dry material are described 
in Chapter V in the section on “stiff-plastic process”. Their 
sole purpose is to reduce the material to a line powder, and in 
certain cases, which are difficult to classify, they work more 
economically than do crushing rolls, as the full weight of the 
roller or runner is available for crushing. Broadly Bi)eaking, a 
hard material, fairly free from sticky matter, is most econom¬ 
ically ground with an edge-runner mill, but if much moist plastic 
clay is present it is usually better, and often essential, to use 
crushing rolls and a wet pan. 

Wet Pans arc chiefly used to secure an equal distribution 
of the moisture tliroughout tlie clay mass and to secure the 
latter being of the same composition throughout. For this 
purpose it is passed many times underneath the rollers before it 
leaves the machine, whereby any lumps are simultaneously re¬ 
duced to powder. 

In many cases the. material is fed into the pan of the mill, a 
suitable quantity of water added, and the pan kept in motion 
from fifteen to twenty minutes. The speed is then reduced, and 
the material removed by means of a special shovel working in 
a rowlock. 

Continuous wet-pans ar<! well known, but are considered to 
yield a loss satisfactory product. They have a bed, or pan, 
perforated near the centre, and the material is forced to travel 
several times under the runners before it can escape through the 
holes. The most important features of a wet-pan are the 
weight and size of the runners, the construction and speed of 
the pan, and the transmission arrangement for driving the 
machine. It is essential that the runners should be heavy; those 
supplied by many firms are much too light to do their work 
effectively. For a 9 ft. pan the runners should seldom weigh 
less than 40 cwt. each, and for some clays they should weigh 
about 4 tons if a satisfactory product is reejuired in a reason¬ 
ably short time. 

The construction of wet-pans in this country is quite 
different from that considered best in some others, and several 
British makers of machinery recommend the stationary wet-pan 
for certain clays, in spite of very conclusive evidence of its 
inferiority to the rotary one for this purpose. 

A typical stationary pan is shown in (fig. 55). It consists 



96 


modern bbickmaking 


scrapers mounted on a single 
shaft and driven by means of an overhead crown wheel and 



pinion A grid is fixed in the pan, and the material passes 
do so,®^ sufficiently softened to 


Fia. SS.—Wet grinding pan (Bradley-CraTen). 
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The mixing power of such a mill is relatively small, its chief 
use being to reduce the material to a form in which it can be 
more readily dealt with by succeeding plant than if the clay 
Were fed direct to the latter. Its efficiency depends largely upon 
the smallness of the grid and, therefore, the extent to which the 
material is treated before reaching it. 

For some materials such a pan may be improved by inserting 
a solid bottom and removmg the material (after the mill has 
been stopped) either by means of a spade or by opening a sliding 
door in the Itottom of the mill. 

Sutcliffe, Speakman & Co., Ltd. have designed a special mill 
for material which is free from large .lumps, but requires an 
unusual amoimt of mixing. The material is fed into an attach¬ 
ment on the side frame just below the crown wheel. From this 
it passes to a smaill pan, fixed to the upright shaft, which 
ensures the material passing under the rollers where it is kneaded 
and rubbed together, thus giving a very intimate mixing. The 
material in the stationary pan on wliich the runners revolve is 
turned over liy multiple scrapers wliieh gradually push it to the 
discliarge opening 

According to the nature of the material su])plied this will 
mix two to five tons per hour using 8 h.p. for driving. 

A w(d-pan of more modern design is shown in fig. 56. The 
pan (9 ft. diameter) is mounted on an ujiright shaft working in a 
footstei> bearing, and kept in position by a bridge-liearing above. 
It is not i>crforatod, has no grid, ami is drivf'u by means of an 
ordinary crown wheel and pinion and belt, these being placed 
above (fig. 56) or below (figs. 57 and 1^4) according as it is 
more convenient to have the pan over-driven or under-driven. 
The bottom and sides of the pan are renewable. 

The runners for a pan of this size are 4 ft. 8 in. in diameter 
with 15 in. width of face and weight 43 cwt. each; they are 
preferably made with flush sides so as not to carry up any 
ground material, and may be fitted with renewable rims. The 
ends of the shaft connecting the runners to the centre block 
work in guides which permit the runners to rise and fall with 
varying thicknesses of materials on the pan but i>rovent them 
rotating above the vertical shaft. If two shafts are used—one 
for each runner—they can rise or fall independently of each 
other, thereby saving power and keeping the machine in better 
balance. The runners revolve by the action of the material on 
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the jian luiil are not driven directly. They should not touch 
the pan wh(',n it is empty hut should be just clear. 

The scrapers should be attacln^d to cross stays bolted on to 
the franu^work of the machine, and must bo so fastened that 
they can l>e turned to any desired ansh; and adjusted to any 
height above the pan. 



Fic. 50.—Whittiikev’B revolving wet pftii. 


Wlien sticky clay is being ground it is useful to have scrapers 
attached so as to keep the runners fairly clean (flg. 58), as no 
purposf! is served by runners tliickly coated with clay. These 
“edeaners” should not actually touch the rims of the runners, 
or too much iron may get into the clay. 

The footstej) is an important factor in successful grinding. 
It should be readily accessible, easily lubricated, and of such 
construction that the bearing metal can be easily renewed 
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when worn. It should he cased to keep out dust, but should 
be examined frequently, as a worn footstep causes much loss of 
power and may easily damage the pan. Anti-friction rollers 
should be placed underneath very large revolving pane in order 
to support thorn. The pan should bo light but strong, and pro¬ 
vided with a loose bearing ring, or false bottom, preferably of 
manganese steel. There are advantages in having this bottom 
ribbed for soft clays, but with very hard ones it is undesirable. 
A mechanical shovel is used for removing the material except 
in self-delivery mills. 

A measured quantity of the material to be treated is placed 
in the pan, a definite volume of water added through a sprinkler, 
and the pan set in motion at a speed of sixteen to forty revolu¬ 
tions per minute according to the nature of the clay. After 
fifteen or twenty miimtcs the simcd is reduced and the mechani¬ 
cal shovel used to witlidraw the material, after which a fresh 
batch is treated. Unles.-* the cl.ay and water arc both measured, 
the paste will vary in stiffness and plasticity. To avoid loss of 
time, it is wise to have two mills and to run them consecutively. 
By the insertion of a slott(sl grid in the roller i)ath the 
material may be delivered to a receiving plate, whence a fixed 
scraper removes it continuously to the next .stage of manufacture. 

Runners with a conical instead of a flat face (lig. 59)t may 
bo used for wet grinding. It is understood that they have a 
somewhat larger output, hut this has not, so far as the author is 
aware, been definitely juoved. 

I'or clays containing a large projiortion of small stones, es¬ 
pecially if the latter aia; of a limey character, J. Buchanan & Son, 
Ltd., recommend the use of a wet grinding pan of the stationary 
type. In this pan (fig. (10) the runner ])ath consists of six or 
more manganese steel grids, the space l)etween each being fitted 
with steel plates—either smooth or corrugated—the mesh of the 
grids being adjusted to the reciuireuients of each clay. 

Tlie runners are made of hard cast iron and run upon hard 
cast iron renewable bushes; they are carried upon a square 
steel shaft provided with slide blocks to rise and fall in the slotted 
cross-head of the vortical shaft. 

Steel scrapers are attached to the cross-heads, and revolve 
with it, for throwing the material from the outside and centre 
of the pan on to the runner path. The mill is driven with strong 
bevel gearing by a steel driving shaft working in gun-metal 
bearings, and fast and loose pulleys. 
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l\'li(!ro stronp plastic clays coiitaiiiing lar};c quantities of limo 
anil other stones (as houlcler clays) are to he found, the use of a 
stationary wet-pan of this type as a preliniinary grinder and 
mixer is desiralile, as revolving pans are too lightly constructed 
for this class of work. The material should aftenvards he passed 



Fid. 61.— Continuous self-dolivery wet mill. 


throngh two sets of rollers liefore entering the pug-mill. The 
grids require freipient inspection, and should he made of man¬ 
ganese steel as this possesses tlie greatest resistance to wear and 
tear. They should he easily renewahlo. 

The mill shown in fig. 01 is one made hy Thomas C. 
Fawcett, Ijtd., who state that it is distinct from other plastic 
pans in that both the rolls and pan ri'volve, and the material, 
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after being ground and mixed, is delivered on to a receiving plate 
wliicli is keyed on to the vortical shaft, and, revolving with the 
pan, delivers the material by means of a fixed scraper direct to 
the brick mac.hine. Tlie ])an is 9 ft. in diameter and the power 
required to drive it is 20 li.li.p. It is claimed that this machine 
will give an output equal to other machines but tlirough smaller 
grids, thereby ensuring finer grinding and temperiug of the 
material without increasing tluf cost of treatment. I’an-niills 
mix th(! water and clay more thorougldy tlian do pug-mills using 
the same driving power, but the texture of dilferent batches of 
paste is more irregular. 

MIXERS AND FEEDERS. 

After the material lias passed through crushing rolls or some 
other form of preliminary grinding plant it must enter a, mixing 
machine. For some clays a mixer forms the first part of the 
plant and it is then known as a feeder, though, mechanically, it 
is really a mixing machine. The object of using mixers and 
feeders is to produce a material of even composition from a. 
number of diff erent materials which may occur together in nature 
—as is the case of clay with stones or sand in it—or which may 
occur sejiarately, but wbich it is desirable to mix, as when cer¬ 
tain properties are to be confen'od on a clay which can only be 
given by adding other materials to it. 

Broadly speaking, the greater the amount of mixing the better 
will be the product, and as, by their construction, mixing 
machines cannot easily be overloaded, they form admirable 
appliances lor securing a regular siqiply of material to grind¬ 
ing iians, which are troublesome if supplied irregularly. It is 
when used for this purjiose that they are ternud “feeders ”. In 
the United States the term “granulator” is identical with the 
British “ mixer”. A s]>ecial class of feeding machines which 
do not mix the material will be described later (p. 182). 

Mixers are distinguislual from jiug-mills for convenience; in 
reality jiug-mills are only a form of “ mixer,” though this latter 
term is commonly understood to refer to machines of the open 
trough tyjic. They arc generally made of U'on or steel with one 
or more long shafts running through the centre, to which are 
attached knives which thoroughly mix the clay before it enters 
the ]iug-mill. In some cases the knives of the pug-mill and of 
the mixer are both on one shaft, but it is more usual to have 
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separate mixers which mix the clay and water together and th.en 
discharge the paste into the pug-mill. 

Mixers are generally placed just below the crushing rolls, and 
sometimes other pairs of rolls are placed underneath them for a 
final crushing before the clay enters the pug-mill. The value 
and efficiency of a mixer must be judged by the extent to which 
it converts the materials supplied to it into an even paste, but 
no accurate conclusion can be reached unless it is first clearly 
shown that the material is in a suitable condition to be mixed. 
No mixer can be really effective unices the material supplied to 
it is free, from large pitices of hard materiul, though several 
strong knives in a long mixer will often effect a remarkable 
degree of homogenizatioii. 

The best t(!Rt of a mixer is to take small samples from dift'er- 
ent j)ortions of the ])a.ste which issues from the machine, ami to 
exanune them carefully by the o^ye and also by a simple sifting 
test after stirring tliem np with water. When clay of a tough, 
stony nature is used it will frequently be found advisable to 
employ a powerful mixer to “granulate” it before passing it 
to the crushing rollers. This custom is very common abroad 
when highly plastic (days are being treahid, the argument in 
favour of this ajraugement being that it is said to require less 
poiyer than the use of spiked or kibbler rolls. 

The supjdy of mat('rial in a constant regular stream to the 
various machines is so important that it should receive far more- 
consideration than it has, hitherto, done from many briekmakers; 
the emjdoyment of a simple mixer or feeder will often go far 
towards solving the jirobhun of “wasted (mgine power”. 

Tile ((ssential parts of a clay mixer are a case or shell of 
ample strength, the shaft or shafts carrying the mixing knives, 
a supply of water capable of being accurately regulated so as 
to produce a’paste of the required consistency, and the gearing 
necessary for the transmission of jiower to the machine. These 
parts should all be exceedingly strong and well fitted. 

Clay mixers may have a single shaft to which the knives are 
attached, or two or more such shafts may be used. For most 
purposes two shafts placed parallel to each other form the most 
efficient mixer. 

Single shaft mixers form efficient conveyers for short distances. 
The blades should be very strong, preferably of steel, and should 
be fitted so that they work at a suitable angle to the shaft and 
to each other. This angle can only be found by experimenting 
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with the clay to be used, and it is not uncommon to find that a 
mixer can be greatly improved in efficiency if the shape, size, 
spacing, and angle of the blades are altered. These changes 
should not be made, however, without expert advice of an im¬ 
partial character. 

In double shafted mixers the blades or knives should revolve 
in opposite directions and at somewhat different speeds (preferably 
in the ratio 1 ; 2), as this enables them to break up and reduce 
the material more readily and to mix it better with the water. 
The materials, and as much water as is thought necessary, are 
fed in at one end of the mixer, and leave in the form of a more 
or loss plastic paste at the otlier. 



Fi«. ()2.—Single shaft mixer. 


It is a curious fact that, althougli mixers arc sold by all 
makers of general lirickmakiug machinery, there are very few 
really good machines for this purposi' on the market. In most 
of them the blades are too narrow or too fragile, and are made 
of unsuitable metal, so that they arc w(!akest in the most impor¬ 
tant part. This is especially true of the single shaft mixers, 
though the ones shown in figs. 62 and 63 are notable exceptions. 

Th(i bearings in most mixers are of good design, but in many 
cases are too small to take effectually the sudden strains often 
placed on the machine. In all clay-working plants it is essential 
that the bearings shall be large, of good de,sign, and of suitable 
metal. They should, preferably, be able to work efficiently in 
dusty places. 
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Mixorp witli doulile shiifts are niiieli more efiicieut, as they 
only re(]uiro ono or two additional horse power to the single shaft 
nuicdiines, and the matrwial is more than twice as tiiorouglily 
worked. Tlioy arc, therefore^, more jiopular and are correspond- 
iiijjly hotter in design, so tliat little or no difficulty should ho 
exi>cricnood in selecting a suitaldc. machine of the double shaft 
tv]>e (figs. 64 and 6r)). 

The blades on one shaft of a. mixer of this pattern should 
work close to those on the other shaft Imt should not actually 
touch. They should he strong, well shaped, so as to turn over a 
eonsiderahhi amount ol’ clay at a time, and should he st't at an 
angle so as to caiTy tin' clay slowly forward. The blades should 
also lie readily ropla-ci'al Je in ease of wear or breakage, and should 



Fid. (iB.—Gommn siriKle-shaft mixer. 

he secured in position by the use, of sipiare or hexagonal shafts 
and of similarly shaped oponings in the farther ends of the blades. 
This is far more satisfactory than the older plan of fastening the 
blades with a bolt or nut. Large bosses on the blades make a 
convenient means of fitting them to the shaft and also occupy 
sjiace which would, otherwise, be injuriously taken up by clay. 
The blades may have an elliptical rectangular or triangular cross 
section, the first-named being, usually, the best. Cast-steel 
blades are the most serviceable, but no blades should be used 
when much worn. AVhen in position the blades usually form 
jiarts of a screw-thread or worm so as to exert a projielling 
action on the clay and carry it forward. It is seldom advisable 
that the blades should exactly corres]iond to this “worm ” shape, 
as slight variations from it often produce a better mixture, but 
these variations must not be too great. 
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Tlie number of blades must vary with tlie clay to be treated, 


but if four lilados con¬ 
stitute one “ turn,” 
good results can usu¬ 
ally be obtained. The 
distance of the l>lades 
Iroui each other should 
not ))e too great, and 
sliould seldom exceed 
14 in. tietween two 
blades on the coiTc- 
si'onding positions on 
tliti shaft. 

Iji the Unitial 
States considerable 
success has attended 
the use of shafts one 
a.bove the other in¬ 
stead of side by side 
as is the custom here. 
Kig. 00 shows one of 
these machines wbicii 
lias combined the fea¬ 
tures of the double 
shaft mill for mixing 
ditl'ercnt material with 
the long enclosed case 
containing a single 
shaft only for pugging 
clays. Tmmediabdy 
over the main img- 
sbaft and extending 
for about one half of 
the length of the pug- 
chamber is an inde¬ 
pendent mixing shaft 
containing four rows of 
steel bars, so located 
that thtiy just clear tlie 
tom])oring knives in 
the main shaft. Tlie 



distance between the two shafts only slightly exceeds the length 


Fig. 64.—Doable shafted mixer. 
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of the knives. The operation of these two knives on the 
material, with the close passage of the knives to each other, 
secures a thorough mixture of different ingredients before reach¬ 
ing that part of the chamber in which the pugging is completed. 
Some other mixers are illustrated later (p. 227). 



Fin. 05.—Plan of mixer (Bennett <S Sayer). 

PUG-MILLS, MOUTHPIECE-PRESSES, AND AUGER 
MACHINES. 


The final machine employed for the pi’eparation of thet paste 
for the manufacture of wire-cut bricks by the plastic process is a 
pug-mill, to the exit end of which is attached a mouthpiece or 
die which gives the brick its shape. In a few cases this is all the 
machinery that is re<iuired, hut with most clays some crushing 
or other preliminary treatment is necessary. 

Pug-mills arc also used withmit mouthpieces, in order to 
secure a plastic paste of regular composition and of suitable stiff¬ 
ness for further work. In all those cases the same jwmciple 
is used, though the mill must be more strongly built if a very stiff 
paste is to be worked than if a soft paste is desired. 

At most works making plastic, wire-cut bricks the clay passes 
through crushing rolls, sometimes through a pan-mill or a mixer 
or both, and finally goes into a i)ug-mitl where it is thoroughly 
pugged and mixed under pressure, and eventually shoved out of 
a die in, the exact shape of a column of bricks, and from thence 
on to a cutting table where it is cut up into bricks. 
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A pug-mill is csHeutially a closed mixor and is constructed on 
the same general principles as the mixers already described, 
except that instead of being trough shaped, it is usually cylin¬ 
drical and sliglitly smalhu at tln^ exit end than at the other. 
Owing to its sliape the clay paste in a pug-mill becomes much 
(iomiiresscd and this sets up a resistance, or back-thrust, neces¬ 
sitating powerful construction and great care in design. 

In an open mixer tlu^ clay falls through an opening in the 
bottom of the trough at the exit end, but in a luig-mill the clay 
passes out at the end of tlie machine. For this reason special 
arrangements have to be made for supporting the knite-carrying 
shaft at this end of the mill, and not a lew failuiaw in clay-work¬ 
ing are traceable (o faulty construction in this part of the 
machine. 

Fug-mills may be made with the bairel vertical or horizontal. 
The former are usi'd when preparing paste for hand-made bricks 
(tJhapter Til) and for fire-clay, tlie latter for nearly all cases 
where w'ire-cut goods are to ))e produced. As it is closed it is 
impossible to see what is going on inside a pug-mill, and much 
attention must theiadore be ])aid to the clay which issues from 
it. 

As in 0 ])eu mixers, the blades in a pug-mill are arranged in 
the form of a scr(‘w-thread or worm, fixed jiroje.ctions or blades 
being sometimes cast on to the inside of the l)arrel in order to 
juevent the. rotation of the clay. The mill will deliver a more 
satisfactory column if the end of the shaft carrying the knives 
is made of corkscri'w pattern so as to act as a ]iropellor (fig. G7). ft 
clears a way for the clay behind it and causes a solid column of 
clay to exude from thi^ die without, creating unnecessary back¬ 
pressure on the bhuh^s of the ])ug-mill. This is equally true 
of both vt'rtical and horizontal mills. Valuable as is this 
an-angement, but few pug-mills contain it, and many are so con¬ 
structed that it (uinnot i)e fitted to them. 

In selecting a i)Ug-mill it is essential to have clearly in mind 
the jmrposes for which it is to be used. If it is only re- 
((uired for mixing clay with water into a homogeneous paste the 
blades should be set fairly fiat, i.e. almost at right angles to the 
shaft, and should be broad and numerous. In short, a pug-mill 
for this purpose should have all the characteristics of a mixing 
machine. If, on the contrary, the main purpose of the pug-mill 
is to convert a plastic pastil into a band of clay of definite width 
and depth by forcing the paste through a die or mouthpiece, the 
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blades should be at a distinct angle to the shaft and should toriii 
a screw conveyer of which the tliread is l)roken liy tlie s))aces 
between the blades. These latter should bt^ivery broad. Such 
a mill will press the clay into shape satistactorily, provided that 
it be supplied with a 
properly prepared paste, 
but will do little or no 
mixing work. 

JnteruKsd iat(0 letwecn 
these types of pug-mill 
is the one which is most 
frc((ueiitly us<^d, and is 
intended to ai;t as a 
combined mixing and 
pressing niachinc, the 
clay in it being made 
by it into a homogeneous 
paste and afterwards 
pressed tbrougb the 
niouth])ieec to I he de¬ 
sired sha])('. In such a 
nnudiine the majority 
of the blades should be 
arranged for mixing, 
but those nearer the 
exit end should be set 
at a. smaller angle so as 
to b(! ]iropnlsiv(‘, and a 
con[)le of turns of a com¬ 
plete screw should bo proviihsl at the end of the shaft. These 
preeautions are often overlooked, with the result that many 
troubles arise, jiartieularly if a stifl' paste is required. 

A pug-mill should work with th<> least amount of water the 
requheil consistency of the mass will allow, and that mill is, 
broadly speaking, the better which can produce an ef|ually good 
mixture, with loss water than another, jiroviding it does not ri-- 
(juiro more driving power. The various parts of the mill must 
be, of ample strength owing to the great compressive forces 
exerted, and on this account the shaft and blades must be of 
ample proportions and the thrust bearings well made and ke])t 
properly lubricated and covered so as to be free from dust. i’lu‘ 
blades should not bo used when unduly worn. 




Em. (i7.—Doubli'-Bliatt uii.wr (lliiynioml & Co.). 
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The speed at which pug-mills are driven is often ridiculously 
slow; thirty to forty revolutions per minute is good practice, but 
many English clay-workers drive at half this speed, and thus waste 
power and produce an inferior result. Much, however, depends 
on the nature of the clay, and the brickmaker can only ascertain 
the best driving speed by actual trial. 

Many pug-mills are too short, and so fail to mix the clay 
supplied to them; 6 ft. is, seldom too long, and many clays re¬ 
quire a preliminary mixing to have taken place before they can 
be dealt with satisfactorily in a pug-mill of this length. In such 
cases the mixew is attached to the pug-rnill and driven from the 
same pulley, the mixer being fixed at such a height as will enable 
the clay from it to fall ifito the pug-mill. 

The construction of the tlirust bearing is highly important. 



Fio. 08.—GriesRiHftnn’s pug-mill. 


and most of the firms making pug-mills and brick machines have 
paid special attention to the design of their bearings. 

Friction discs are much used, as are also projecting ruigs on 
the shaft working in grooves in the bearing (as in marine work). 

An ingenious device by F. Lane consists in attaching a 
hemisphere of hard steel to the end of the shaft, and a similar 
one in the thrust block. As the shaft rotates its hard rounded 
end works on the corresponding convex face of the thrust block, 
and the arc of contact is reduced to a minimum. Whatever 
type of thrust or journal bearings are used they must be kept 
clean and well lubricated. 

A German patent (fig. 68) by Gricssmann, consists essentially 
of a series of conoids with screws through their sides to prevent 
the clay rotating, and a series of helicoidal blades to propel 
it forward. This arrangement has increased the output of some 
mills not provided with a clearance screw at the end of the 
shaft by 30 to 40 per cent. 
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The beet shape of the exit end of a pug-mill depends greatly 
on the mouthpiece. If the latter has a small opening there 
should be a long conical piece between the end of the mill and 
the mouthpiece proper. If large articles are being made, this 
conical piece may be shorter. The most suitable length must be 
found by experiment. 

Mouthpieces .—As a rule only one moutlipiece is used on each 
machine, but where the clay will permit it there are advantages 
in using two mouthpieces set at an angle to each other, as in 
fig. 69. 

The designing of a mouthpiece to work with a given machine 
is one of the most delicate engineering operations connected 
with hrickmaking. Variations of apparently trilling magnitude 



Fi«. (>!)..—Briok miichine with double mouthpiece. 


cause serious defects, and the alteration of a mouthpiece is a 
matter re(|uiriug careful thought and much experience and skill 
beforti it ciin be done satisfactorily. With plain bricks made 
from plastic-clay the diiiiculties are fewer and less troublesome 
than when hollow goods are jiroduced by the wire-cut process, 
but in all cases some skill is required, and often much patient 
experimenting must be carried out before success is gained. 

In principle, the moutlquece is extremely simple, it being 
merely an openmg at the. end of a pug-mill. This opening is of 
such a shape (usually about 9| in. x in.) as to produce a column 
of clay paste the width and length of a “green ” brick; and it 
might be assumed that a plate attached to the exit end of the 
pug-mill with an opening of the correct size is all that would be 
required. If a very soft paste is used, and no attempt is made to 

8 
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keep the clay to a special shape, such an assumption is correct; 
but as soon as the paste is made stiff enough to retain its shape 
on leaving the machine, a back-pressure is produced on the 
machine and troubles begin forthwith. A few tests will soon 
show that some moans for eflecting a gradual change in the 
shape of the clay column is necessary. Inside the mill this 
column will be a cylinder of iJi to 18 in. diameter; after passing 
through the moutlipieoo it will be a rectangular one of 9| in. x 4| 
in. This reduction of cross-section must be effected so gradually 
as not to cause avoidabh' friction in the pug-mill, and for this pur¬ 
pose a conical collar must be placed between the mouthpiece 
opening and the barrel of the mill, or the lattt^r must lie made 
conical throughout its length. There are reasons, which need 
not be detailed here, wliy tln^ latter plan is less desirable than 
the former, the most important being the end support of the shaft 
carrying the knives. 

As this conical reducing i)iec(! is in sonu^ ways of greater 
importance than, the opening in the mouthpiece, the two com¬ 
bined may bo considered as forming the mouthpiece. The 
most suitable length for the reducing pi('ce will depend u]>on (a) 
the relative sizes of the mill-barrel and the mouthpiece opening, 
and (b) the ra])idity with which the cross-section of fhe clay 
paste can be changed without detriment. Some clays can bo 
worked with a very short mouth]uece, as they can be rapidly 
changed from one shape to another, but others need very gi'adual 
reduction. No general ruht (am b(' given, as th<( length must be 
found by trial with the clay mixture for which the mouthpiece 
is to be used. Even then, variations in the stiffmiss of the paste 
may prevent well-shaped articles being made. It is seldom that 
the distance between the end of the cylindrical i)art of the bairel 
of the mill and the opeming of the mouthpiece can be hsss than 
12 in., and a much greater distance is often rcajuirf'd. 

With certain clays, a very accurately ((oustructtal die, and a 
suitably sized mill, the reducing piece is unnecessary, and as the 
output of a mill in which it is not used is increased 19 to 40 
per cent, most makers of mills prefer to keej) the reducing piece 
as short as possible. This is quite right providing that it is not 
overdone, as an unnecessarily lengthy reducing piece or nozzle 
may yield bricks with weak corners and edges. Too short a 
nozzle will, on the other hand, give badly shaped bricks with 
torn edges and will waste power. 

As the clay paste on leaving the barrel projier is cu'cular in 
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Bection and the final shape of it is rectangular, the internal shape 
of the reducing piece is often peculiar and difficult to describe. 
The reduction in cross-section puts a large amount of pressure on 
the clay—in some cases it is sufficiently great to stop the machine 
—and even when assisted by a powerful auger the amount of 
power required is often serious if the reduction takes place in 
too short a distance. 

If a short collar is sufficient, one similar to that shown in 
fig. 70 may be used, but if a longer one is needed it will be 
better to introduce a conical casting, similar to that shown in 
fig. 71. 

Between an ordinary moutlii)i<'ce and the barrel of the mill, 
or instead of a perfectly conical ca.sting, a specially shaped 
reducing ])iece may be tased. If the mouthjueee is sufficiently 
large no collar is necessary, as the mouthpiece i>roduces the whole 
of the change from a circular to a rectangular shape. 

A third alternative may sometimes be employed, though this 
is seldom the case, i.e. the barrel of the ]iug-mill may bo of so 
small a diameter as to need no reducing piece. This has the 
disadvantage, however, of not mixing the clay so thoroughly as 
when a larger mill is used. 

Instead of the mouthpiece being at the end of the pug-mill 
it may be at the side (fig. 72), though this, in the author’s experi¬ 
ence, is less satisfactory with many (days, as the tlirust on the 
solid end is great and the direction of movement of the clay is 
changed suddenly just before it leaves the mill. At the. same 
time it must be admitted that machines of this pattern are 
giving satisfactory results in some districts. 

The mouthpiece must be made of, or at any rate lined with, 
hard metal, as the internal wear is very great. It must also bt‘ 
kept accurate or the bricks will vary in-size. Ordinarily, fresh 
liners must be inserted and the old ones “ trued up ” or discarded ; 
but an ingeJiious device patented in France' by T. Herv6 deserves 
consideration in this country. As will be seen from the illustra¬ 
tion (fig. 73) the sides of the box are joined at two o)>])ositi' 
corners, and when tlu' box has become too large it is only 
necessary to remove the. bolts (cc.) and to pull the two halves of 
the box asunder along the lines 1 to 2, and to 4. By 
grinding these angles the four irarallel sides of the box can 
again be brought to tlu'ir normal size, and the whole, bolted 
together, is then ready for use. This invention attempts to do 
away with most of tin' trouble ordinarily experienet'd in reliuing 
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ordinary dies, as, provided reasonable care is taken, the sides of 
the die cannot become untrue during tbe grinding of tlie angles. 

It is especially important that the mouthpiece should be 
capable of easy removal from the machine, so that another, with 
a differently shaped opening, may be substituted or so that the 
die may be cleaned or repaired. Many machine-makers have 
paid too little attention to this matter, with the result that the 
changing of a mouthpiece often requires a couple of hours’ 
hard work by two or three men. Instead of bolting it on with 
long screws of slow pitch, shorter threads may be used or, pre- 



71.—Brick machine with Ioiik collar (Whittaker). 


ferably, instead of lieing liolted all round, the mouthpiece may 
be provided with a iiingo at one side and a bolt at the other, 
so that all that is necessary for its removal is tiic unfastening 
of the bolt and the drawing out of the hinge-pin (fig. lib). For 
cleaning the die it is sufiicient to unfasten the bolt and turn 
the mouthpiece on its hinge. If the hinge is made sufficiently 
strong it will not lie bent by tiie pressure of the clay in the press. 

Much trouble is experienced if the clay cannot easily pass 
through the mouthpiece, and to facilitate its passage, the die is 
usually lubricated with water, steam, or oil. If the clay is fine 
in texture th(> die may be lined with copper or brass and water 
used for lubrication, but with clays containing much hard 
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material steel-lined dies are better, and oil may be the only 
suitable lubricant, though 
water or steam may some¬ 
times be used. 

One of the earliest 
mouthpieces placed on the 
market was that designed 
by the late H. Clayton in 
which two cylinders (fig. 

74) formed the sides of the 
opening. These cylinders 
wore slowly rotated by ap¬ 
propriate gearing mechan¬ 
ism and served to help f.,.. TH.-Hme's mouthpiece, 

forwfird the clay column. 

It has not been generally adopted. 

During recent years it has been found that “ lubricated dies ” 
are the most satisfactory, and many patterns of these are now 
obtainable. They vary in complexity from a straight-edged die 
lined with copiier or fustian to very elaborate arrangements. 

A die of modern type, made by James Buchanan & Son, is 




Fra. 74 —Mouthpiece deeigned by H. Clayton. 


shown in fig. 75. This has a double supply of lubricant, so that 
the corners may be treated separately from the sides of the clay 
column—an important convetiience with some clays. 

It is very necessary in conslructing a die, to sec that the clay 
column issues at the same speed over the whole cross-section. 
Unless special care is taken, the centre will travel faster than 
the sides and far faster than the corners. Should this be the 
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case, the die must be widened where the clay travels slowest, 
and so adjusted until an even flow is obtained. Otherwise, the 
riclcB will be defective at the edges and will not be of average 



Fio. 7d.—bubrioHted mouthpiece. 

strength; in liad cases, the edges will resemble “ crocodiles’ teeth ” 
owing to the clay being torn as it comes through the die. 

fo avoid the time, trouble, and expense eoniieeted with work¬ 
ing in metal, the author invariably uses wood for experimental 
dies, and as soon as a reasonably satisfactory result is obtained 
he has a casting made. When this casting has been altered 
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until satisfactory, ho has a proper die made to the exact sliape 
of the adjusted casting. No other method has been found so con¬ 
venient as this with really difficult clays. Fortunately, it is 
seldom necessary to carry out so full a set of tests, as one of the 
numerous mouthpieces on the market will usually work admir¬ 
ably with all except the most difficult clays. 

Whenever possible, water or sti'am is preferable to oil, not 
only on account of its cheapness (though the mouthpi(>ce 
requires more oil than is used to lubricate all tlui rest of the 
machinery in tlie plant), for oil of a cheap grade is used, but 
because oil enters the surface indenta¬ 
tions and corner-cracks and prevents 
them from healing under later ])res8ure., 

Steam has the advantage of warming the 
clay as well as reducing the friction jtro- 
duc('d in itsiiassage. But little pressure 
is reqiiired on the oil, but with water a 
pressure eorre.si)onding to that of most 
towns’ supjily is needed. When all Ihe 
water used in the works, has to be 
puiiqaal, it may Ix^ maressary to use a 
pressure cylind<T. Fig. 76 shows a 
simpk^ and suitable design in wbieli tbe 
upper tank is filled with water and stcaim 
is blown in at tlie to]), so as to produce 
the ])ressure desired at th<> niouth])iece. 

By sliding the weight to and fro along 
the regulator-arm, any flesired ])ressure 
between zero and that of the steam in 
the boiler may be obtained. This is 
necessary, as turning a ta]> on the 8U])ply- 
pipe is often an ineffective, means of Fi«. 7fi.—Stull’s pressure 

reducing the ])ressure, as it cuts off too repulator for mouth- 
, 1 1 • . . niece lubrication. 

much 01 the lubricant. A j>ressure- 

gauge, placed as shown in fig. 76, enables the pressure of the 
water to be accurately regulated ; an essential in the manufacture 
of the best bricks from a difficult clay. 

The water, or oil, enters the die and passing between the 
lining and the clay facilitates the movement of the latter. In 
many dies it also passes between the various sections or “ scales ” 
of the die, so as to come into contact with the clay at several 
points in the length of the die. In some dies the only outlet for the 
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lubricant is between the clay and the lining, but others are pro¬ 
vided with a tapped drain pipe, which is useful in regulating 
the pressure of the water or oil. 

As the corners of the clay column require more lubrication 
than the top, bottom, or sides, 
special arrangements should be 
made for an ample supply of oil 
or water whore it is most needed, 
as by cutting the special chalnnels 
shown in Groke’s patent mouth¬ 
piece in fig. 77. It is also wise 
to introduce sufficient oil, steam, 
or water at the back of the 
mouthpiece, so that directly the 
clay enters it may be smeared 
with the lubricant. If this is done propi'riy little use will be 
made of the lubricant introduced in tlie front or centre of the 
die. 

The supply of lubricant must be controlled by a tap, 
and an excess of cither oil or water must not be used; the 
former causes cracks which will not heal, and the latter 
softens the clay unduly. There is a tendency with ])lastic 
clay to allow the paste to become too soft. Tliis is wrong, 
as for wire-cut Iwicks the clay should be as stiff as can be ob¬ 
tained without loss in (ivonness in composition. Indeed, the best 
results are obtained by working so stiff a paste that many dies 
will tear it, yet with a properly adjusted die almost perfect 
bricks can be obtained. 

For clays which are difficult to manipulate a mouthpiece 
with a scale lining is usually the best. Such a lining, as shown 
in fig. 77, consists of a series of plates, each jointed so as to form 
a rectangular frame 8 to 4 in. deep. These frames arc so 
placed in the mouthpiece that they overlaj) considerably and the 
lubricant, admitted between them and th(i casing of the mouth¬ 
piece, oozes out at the overlapping portion. These laminated 
plates are made of zinc, tin, or steel, the outer casing being made 
of wood or cast iron and provided with channels to convey the 
lubricant to the laminated plates. Some of the moat successful 
water-lubricated mouthpieces of this type used in Great Britain 
are those patented by Halsband & Co., of Cassel. The laminated 
linings are easily renewed, but if well made they will serve for 
the production of half a million to a million bricks (fig. 77a). 



Fk 4. 77.—Laminated moathpieoo. 
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R. T. Stull has inveBtigated the structure of laminated and 
other lined mouthpieces ver}' fully, and has recommended the 
use of a BerieB of “ scales ” which touch but do not overlap each 
other. These scales are in the form of rectangular frames which 
fit inside the mouthpiece, and are hold in position by bolts 
passing from front to back of the latter. Various modifications 
of this arrangement are in use by difierent brickmakers, the 
object invariably being the production of a homogeneous column 
of clay, quite free from lamination or other “structure,” and 


Water Water Water 



Fi( 4. 77a.—Halsband conoid mouthpiece. 


devoid of internal stresses and Btraine wliicli will later cause the 
bricks to twist. A perfect clay column can only be obtained by 
the use of a euita))ly constructed die, to which the clay is fed 
by a properly arranged pug-mill or other feeding appliance, the 
mouthpiece ljuing proi'crly lubricated so that the clay travels 
at as uniform a speed as possible throughout its whole cross- 
section. 

Sometimes the clay column will expand noticeably after it 
leaves the mouthpiece or will crack on the face during firing. 
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In each case the taper of the mouthpiece should then be re¬ 
duced, either by reducing the size of the aperture next the pug- 
mill or enlarging the exit of the mouthpiece until the defeet is 
removed. 

Properly constructed scale-lined or laminated mouthpieces 
greatly reduce the amount of power required to drive the 
machine, as comy)ared to that needed when a fustian-lined die 
is used, and by adjusting the amount of overlap, the number of 
plates, the position, size of the (diannels, and the pressure and 
quantity of the water, it is not usually difficult to overcome all 
the ordinary defects in the clay column, and several makers of 
this typo of die are willing to guarantee the production of a 
perfect band from any kind of clay which can be made into a 
plastic mass. The exit of tlu^ mouthi)ieee cjin only be enlarged 
when the size of th(i liric.k is of minor ijn])ortance. 

Most of tlie defects in the shape of the l)ricks can be remedied 
by slight changes in the mouthpiece. If they are hollow on toj) 
or side a con'esppnding opposite curvature should be put in the 
plate where tin' hollow occurs. If the liricks after firing are 
longer on the back than on the face, giving a slightly wedge 
sha])e, the liners should be eloscid in at the bottom, so as to 
counterbalance this, unless the paste is used in too soft a state. 
An excessively soft pa.st(^ eanses the clay to “S((uat” or spread 
at the bottom and so produces bricks longer on the back 
fac(!. 

It is imyiortant to keep the lining frequently renewed and 
maintained of constant size, as bricks of difierent sizes are diffi¬ 
cult to lay. 


EXPRESSION ROLLER MACHINES. 

In expression roller machines the die is not fastened on to 
the end of a pug-mill, but the, clay is pushed through the die by 
a pair of rollers. It is essential that the clay shall bo in a 
perfectly homogeneous condition, as the rollers exert no mixing 
or crushing action upon the particles. 

Express rolls are valualde for making bricks from strong 
clays in which, owing to great shrinkage, the bricks arc liable 
to twist or crack during the process of drying or burning. Such 
clay, if of uniform consistence and free from stones, can often 
be taken direct from the face, water applied to miike it of the 
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proper consistency for plastic bricks and the mixture thoroughly 
pugged, carried along a copper- or zinc-covered table to the ex¬ 
pression rollers, by means of which it is pressed through the die, 
and will, if proper cure be taken, produce a sound brick when 
burned. With the edges and ends perfectly square, the bricks 
can be used as “ best fronts ” with thin joints. 

Expression rolls are also suitable for the treatment of clays 
of a strong tough character, which, when made up with the 
ordinary pug-mill, have a great tendency to show what is known 
as “ core cracks ”. The use of a double shafted open pug-mill 
or mixer in conjuncition with expression rollers for feeding the 
die has been found from long practical experience to be a very 
effectual method of preventing “ core cAoks ” in bricks, and 
to produce an artiede of uniform character and free from 
lamination. 

The dies used with expression rolls are almost identical with 
the niouth])ieceB used on pug-mills and described in the fore¬ 
going section. Usually they arc of rather simpler construc¬ 
tion. 

A conqdetc machine conijirising pug-mill, rolls, die, and 
cutting table of a typ*^ at one time very popular is shown in fig. 
78. It is known as tlie “Murray’s j>atent,” has a daily output of 
15,000 brieks, and maids about 10 h.p. to drive under good con¬ 
ditions. A similar machine using a horizontal img-niill instead of 
a vertical one and jirovidod with hauling gear is madti by Swinney 
Bros., Ltd. (fig. 79). In this machine the rolls are 18 in. diameter 
by 20 in. long and are grooved. Wootton Bros., Ltd.’s cxjiression 
rollers figs. 79a and 79?) are 24 in. diametiir by 14 in. long, and are 
mounted on stefsl shafts caiTicd in long east-iron frames with 
renewable side (ihocks, which can be adjusted to compensate for 
wear, the top roller being also adjustable. A rocking feedi'r is 
fitted to the machine to compress the clay up to the rollers. This 
is worked by an eccentric on one of tlie driving shafts. 

This machine is powerfully geared, and driven by fast and 
loose bolt pulleys or friction clutch, as desired, and is yrraoti- 
cally self-contained on a massive bed plate. Such a machine 
is extensively used for making quarries, hip and valley tiles, 
ridge tiles, and a variety of solid, perforated, and tubular bricks 
from clays liable to laminate when jiassed from a pug-mill 
direct to a die, this defect being prevented if the clay is forced 
through the die by the rollers instead of by a screw. 
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Fig. 80 shows a front view of a similar machine made by 
T. C. Fawcett, Ltd., which is simple in design, and of great 
strength. It is self-contained on a strong bed plate requiring 



little foundation and no skilled labour to fix. The same firm 
also make another roller machine in which three pairs of ex¬ 
pression rollers arc used with correspondingly satisfactory results. 
In this machine the clay is passed through one pair of expres- 
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Fiu. —Front view of Wootton Bros.’ expreHbion rollR. 



Fio. 796.—Back view of Wootton Bros.’ expreBsion rolls. 
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sion rolls set wide apart, thou through a second pair set some¬ 
what closer, and finally through the third pair and the die. 
Some strong clays which are notoriously difficult to work have 
been very satisfactorily dealt with by this machine. It must 
always be remembered that expression rollers are only formative 
machines, and that to obtain good results with them the clay 
must have been very thoroughly and carefully prepared. On this 
account it must have been crushed (if necessary) as well as pugged. 

With difficult clays it is often necessary to use extensive jne- 



Fki. ftO.—ExprcBsion rolls and die. 


liminary i>lant, as may be seen from fig. 81, supplied by Win. 
Johnson & Sons (Leeds), Ltd., or other arrangements of plants 
(pp. 77-87) may be used, the expression rolls being inserted be¬ 
tween the exit end of the pug-mill and the mouthpiece. 

Cutting Tahle .1 form the final machines used in the manufac¬ 
ture of wire-cut bricks. They receive the clay in the form of 
a long strip and cut it transversely into a number of bricks. 
Usually a piece of clay at each end is not the full size of a brick, 
this must be returned to the pug-mill. 

The essential characteristics of a cutting table are that it 

9 
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shall cut cleanly and rapidly, and that all the cut pieces shall 
be of equal size. When these are secuiaal the precise design of 



the table is of minor importance, and the great variety of patterns 
now on the market is due to minor variations rather than to 
fundamental. differences in design. In tln^ best cutting tables 
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the clay is either cut by wires or thin steel blades—the latter 
giving a somewhat cleaner cut when in perfect condition, but the 
former tiro more generally used because they are more easily 
kept in order, and replaced when broken. Many hrickmakers 
use wires which are too thick to cut iwoperly; it is better to use 
thinner ones even though they may break mori' frequently. 

One of the simplest forms of cutting table consists of a zinc 
or copper-covered table smeared with “ brick oil,” on to which a 
sufficient length of clay, cut off from the column or clay band, 
is pushed, and cut into 
bricks by dejnessing a 
frame across which a 
number of wires arc 
stretched (fig. 82). The 
frame may then lie 
drawn back or it may 
be of a rotary pattern 
and move only in one 
direction. Theentbricks 
are then [uished on to a 
board or pallet andtakon 
to be dried, Ihe jmshing 
being direct by hand or 
by means of a push board 
o])crated by a levin. 

The disadvantage of 
drawing back the wires 
is tlic ])rodiiction of a 
rough edge or arris 
which is avoided when the wire travids only in one direction 
through the clay. Some hrickmakers ]iref('r to have the wires 
in a fixed frame and to jiush the clay transversely across them. 
This method is quite satisfactory where line clay is used, 
but for rougher material the downward cut is preferable, as the 
cut is shorter and leaves the cut edges where they are of less 
importance in the finished brick. 

Such a tabic (fig. 82) is manufactured by {!. Whittaker & Oo., 
htd., in which the clay column issuing from the die of a plastic 
brickmaking machine is received on the table, being sujiported 
by the rollers shown at the left of the illustration. When a 
sufficient length has passed on to the table the single cutting 
wire (also at the left side) is drawn across, and the detached por- 



Fia. B2.—Typical German cutting tabic 
(Ranpach). 
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tion pushed across by hand, in front of the pusher board. Then 
l>y the action of the hand-lover the clay is pressed through the 

cutting wires and cut 
into bricks, but these 
are not delivered on 
to the pallet until the 
next lot of bricks 
pushes them forward, 
thus preventing the 
back edges from be- 
c.omiiig broken. The 
bricks thus cut are 
perfectly true in shape 
and serious waste is 
avoided, for by this tab](! tlic column of clay can be cut off to 
one inch of the length required for each stroke. The front board 
or j)allet is removtvl when full of bricks and is replaced by an 
empty one. 

A similar table is manufactured by Wootton Bros, of Coal¬ 
ville, in which, in. addition to the usual horizontal rollers, 
two wooden vertical rollers are also jirovided to guidt! the clot 
on to the table. A largo heavy dressing roller is also fitted to 
run over the bricks after they have passed through the wires. 
This table (fig. 84) differs from the one just described, in that it 
is fitted with a two face push-board arrangement and double pallet 
boards. Sixty thousand bricks per day may be cut on this table. 

The “ Simplex ” brick and tile (mtting table made by William 
.lohnson & Sons, Ltd., is different from the two machin('s de¬ 
scribed above. The chief feature of this machine (fig. 85) is 
that the bricks are cut off without the attendant handling the 
stream of clay in any way whatever. No cross-cut wire is used and 
all waste cjids are avoided, the whole operation being performed 
by moving a single handle. The column of clay as it issues 
from the die of the pug-mill is allowed to travel up to the end of 
the table where a cross-board is fixed. The clay coming in con¬ 
tact with this pushes the top part of the table forward (the table 
is arranged to travel longitudinally and laterally). The attend¬ 
ant then pulls over the handle (to cut the bricks), draws for¬ 
ward the top of the carriage of the table (to clear the travelling 
stream of clay), pulls back the handle (to deliver the bricks on ' 
the moving board), then pushes the carriage back to receive the 
column of clay and then repeats these operations. 



Fio. —Table witb*fixed wires. 
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Fiq. 84.—Cutting table with dressing roller. 



Fig. 85.—“Simplex” cutting table. 
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In the cutting table made by the Brigbtsido Foundry and 
Engineering Co., Ltd. (fig. 86), the motion is obtained by a simple 
lever action, wliich entirely supersedes the use of racks and 
pinions. It also has the handle, by which the cutting is per¬ 
formed, placed close to the single cutting wire, so that one man 
can, without moving his position, perform the various operations 
of cutting and delivering the Ijricks on to the harrow, etc. This 
arrangement renders tlie work easier and more rapid where the 
clay is not too stiff. 

Following the (ferman custom, Jolin Whitelx'ad & Co., Ltd., 



mount the table on wheels wliich run on a short line of rails 
(fig. 87), so that when the clay issues from the die of the brick¬ 
making machine it eventually pushes against a vertical stop 
placed at the front end of the table, thus pushing it along the 
rails. The clay and table then move at the same speed, and the 
stream of clay is divided squarely across by the sifiglc cutting 
wire at the rear of the table into the length required to produce 
a certain number of bricks, usually six or eight. This cut is 
effected by moving a small lever at the front of the table. The 
attendant next pulls the table towards him and cuts the separ¬ 
ated block of clay into bricks in the usual manner, a side 
delivery action deposits them on boards, upon iwhich they axe 
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transferred to the barrows, or to the repress, without being 
handled. The table is then pushed back and the operations 
repeated. 

The table is easily worked by one lad, and can be applied to 
any ordinary end-delivery machine which delivers its clay in a 
horizontal stream; the. labour and time hitherto employed by 
pusliing the block of clay by hand in front of the fixed cutting 
wires are abolished. 

The machine shown in fig. 87 differs from the tables generally 
used in (Jermany, as in the latter the frame moves, making a 



Fi<». 87.—CuttinK table on wheels. 


downward cut (fig. 82) instead ol’ the bricks being i)ushed througli 
fixed wires. In the Batley cutting table (made by Oxley Bros., 
Ltd.) the clay band is cut by eight discs of steel instead of by 
wires. A view of one of these cutting discs, with the. band in 
position ready to bo cut, is shown in fig. 88. Each disc is pierced 
with five circular holes, for tlie clay band to go through, and 
when thrown into gear each disc makes a stroke of one fifth its 
diameter, and cuts off the clay, the pug-mill being stopped 
temporarily whilst this is being done. 

Power-driven tables are slowly increasing in use, though their 
advantages are not as great as is sometimes supj>osed. 
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In Fawcett’s patent power cutting table (fig. 89), as soon as 

® the end of the clay column 

comes in contact with a 
“ stop,” it moves it and starts 
the machine, which auto¬ 
matically stops as soon as the 
l)ricks are cut and delivered 
ready to be taken away. 
The bricks are automatically 
separated after cutting so 
tiiat they are the correct dis¬ 
tance from each other (| in.) 
when placed on the cars. For 
successful working, the clay 
Fra. 88.-Batley outtiDf! disc. column must be sufficiently 

stiff not to bend when press- 
ing against the ” stop which stai’ts the machine. The releasing 
lever must also be kept in good order so that it will operate 
directly there is a slight pressure on the stop. 



Fra. 89.—I’ower-driven cutting table. 


An automatic cutting table whicli is act in motion by an 
electric contact-maker has been successfully used Ity the author 
for clays which bend under the pressure needed to start an 
ordinary releasing lever. 
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Rotary cutters are much used in the .United States but are 
not employed in Great Britain, with the exception of the Batley 
■cutter just mentioned. 

It is a common practice in the United States to cut bricks 
“ endwise,” but this practice has never become iwpular in this 
■country. It is claimed that the defects incidental to cutting are 
minimized when the bricks are cut across the ends instead of 
sideways, but this gain Is trifling with British clays, and it is more 
than counterbalanced by the loss due to diminished output. 

In order to cut liricks by wires successfully, several details 
require careful and constant attention ; the most important are 
noted here:— 

(а) The level top of tlie cutting table ijuist not be higher than 
the bottom of the inside of the mouthpiece, nor should it be 
appreciably lower. In most cases the table is stationary and can 
be packed up with wood, but where a neater job is required an 
adjustable stand or table should be used, and is, indeed, essential 
if large blocks are made by the same process as the bricks. Such 
an adjustable stand is shown in fig. 90, the legs being lengthened 
or shortened by rotating them. Another form of adjustment is 
shown in fig. 91, where the upper portions- of the table are 
moved, the lower ones.romaining stationary. 

(б) The wires must be stretched tightly and must bo kept 
•clean. They must also be sufficiently thin to give a good clean 
brick. Gorman piano-wire is the most suitable for the purpose, 
and brickmakers should experiment to find which thickness gives 
the best result. On the Continent, where the clay is ground finer 
than in many works here, extremely thin wires are su(!cesBfully 
used, and the downward cut is invariably employed. In most 
British yards the wires are too thick to give a perfectly clean 
out. 

(c) The means used for attaching the wires must be simple, 
strong, and adjustable. Usually a hook below the table receives 
the lower end of the wire, and a butterfly-nut and bolt working 
through the frame receives the up})er end. Strong spiral springs 
are frequently inserted between the nut and framework to absorb 
vibration. 

(d) In order to make a perfectly straight and uniform cut, it 
is necessary to have the cutting table constructed witli as much 
care as a high-class lathe. It should be carefully machined 
and put together, and should have bushings and liners for all 
wearing parts so that the slightest play may be taken up at will. 
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This arranK(>ni(‘iit works fairly satisfactorily, particularly if 
the lower end of the top ))olt is made into a hook instead of being 
bored, as is usual. It is then possible to keep wires in stock wliich 



are cut to the correct length and have a small loop (fig. 92) at 
each end. To replace a broken wire all that is necessary is to 
slacken the butterfly-nut, unhook the broken wire, replace it by 
a new one which has been previously prepared, and again tighten 
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the nut. This is far lietter than the jilan, often adopted, of 
threading the wire througli a hole and twisting it into a rough 
loop, as such loops are seldom sufficiently rounded, and the strain 
being unevenly distributed the wires break too freiiuently. 

A series of keys similar to those used in pianos may also bo 
employed, but it is not easy to make such rapid renewals, and the 
absence of a spiral spring is a disadvantage with rough clays. 



I'm. Ul.—CutLer with ailjiwt'ilile tablv. 


Various s]iei'ial attachments and “ wire-savers ” have been placed 
on the market from time to time, but tbe value of these the. 
hrickmaker must judge for himself. Tbe. author has trie(l most 
of them with indiirerenl rcisults. 

If bricks of different sizes are. to be. maths a. cutting talde in 
which the wires can be, moved c,loser together or farther apart 
should be used, or preferably one to which an additional number 

Fio. 92.—Catting wire. 

of wire holders can be attached. This latter arrangtmient avoids 
the necessity of readjusting the. holders e.ach time the machine 
is used. If the holders are properly constructed it is a simjile 
matter to remove those wires which are not required, but it is 
often difficult to adjust the holders with sufficient accuracy when 
once they have been moved from their place. Besides, the capital 
tied up by the use of a few extra holders is too trifling to require 
consideration. 

Repressing .—The methods of brickmaking already described are 
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not often suitable for tlic production of bricks for facing purposes, 
as the bricks are seldom sufficiently accurate in form; it is, there¬ 
fore, necessary to repress them when best facing bricks are re¬ 
quired. Before this can be done to advantage it is necessary to 
dry the bricks until they are black-hard, or leather-hard. They 
must not bo allowed to become too dry or the repressing will not 
be effective, neither must they be pressed whilst too wet or they 
will not leave the die properly. Some little skill is required to 
know the precise moment when a brick is ready for repressing, 
but it is not difficult to learn this with a little practice. 

The presses used for giving liricks an accurate shape are of 
the screw-press, toggle-lever, and hand-lever patterns, and are 
driven by hand or steam power. The hand-driven patterns are 
usually convenient where a portable press is an advantage, other¬ 
wise a power-driven press is better. The hand-lever presses are 
described on p. 60 in the section on Hand-made Bricks. 

Screio Presses are a special form of i)lunger press in which the 
die-box is carried on a bed-plate or table, and the plunger or 
male die is forced into contact with it by means of a quick-acting 
screw, working in abridge above. Tho bottom of the die is made 
loose and rises with tho plunger. 

The plunger is raised to its full height and simultaneously 
the bottom of the die is raised to near tho top of the box. A 
brick is then placed on the latter and the plunger lowered by 
turning the wheel or arms at the top of the press. Tho speed of 
descent increases rapidly, and after the plunger has come once 
into contact with the brick and the force of rebound has started 
it oil an upward journey, the man in charge of the press pulls it 
down again smartly so as to give a second pressure to the brick. 
When a power-driven press is used this second pressure is not 
given, but the single pressure is greater than in a hand-press. 
There are reasons for believing that two lesser pressures are better 
than a single more powerful one, and partly on this account 
power-driven screw-presses have not, up to the present, displaced 
many hand-driven ones. 

Screw presses are made by most manufacturers of brickmak¬ 
ing machinery, but resemble each other so closely that very few 
examples suffice to show the essential details of their construc¬ 
tion. Those of the older type are provided with a long arm (fig. 
93) with a heavy ball at each end, but the more modern presses 
have a heavy wheel (fig. 94) which is steadier and gives a better 
pressure. The earlier and smaller screw presses were mounted 
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on wheels for portability, but the later ones are usually of heavier 
construction and are necessarily fixtures. 

The great desideratum in a screw press is the rapidity and 



Fig, 93.—Screw prees with ball weights. 


steadiness of action. Botli these are secured to an ample extent 
in the press shown in fig. 94, as the double action steel screw 
with right and left hand thread gives a traverse double that of 
the ordinary screw, and the adjustable arms on each side of the 
plunger make it imiiossiblc for it to shift sideways^^during its 
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descent. In this way the damage done by the plunger not exactly 
entering'tlie die-box is avoided. A man and a lad can press from 
3000 to 4000 per day with this machine. 



Fio. 94.—Portable screw press. 


Power-driven i)rcssos of the screw, or Titloy type, are largely 
used on account of the greater outjmt and more uniform pressure. 
They are similar to the hand-driven ones, but two boys can re- 
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place the man and lad, as the greater strength of the latter is 
not needed. Fig. 9r> shows a very good means of applying the 



Fio. U.'i.—Power-driven serew press. 


power, viz. by means of two discs wliicli force the fly-wheel 
round by friction, the one shown in fig. 90 with three pulleys 
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and crown and pinion driving gear being quite as eatisfactory. 
The power gear starts and stops the press, the momentum of the 
fly-wheel striking the blow as in a hand-driven press; and an 
automatic reversing motion returns the wheel to its starting 
point. 

The Pullan & Mann machine (fig. 96) has an advantage in 

that it can be fitted with the 
maker’s patent measuring ap¬ 
pliance which ensures each 
brick being the same size, any 
inecjualities being shown in 
the varying dei)th of the frog. 

In selecting a screw press, 
care should also be taken to 
ensure a simple yet effective 
means being provided for 
holding the die-box and for 
sotting it accurately in posi¬ 
tion. Slotted flanges on the 
))ox into which fit strong bolts 
passing through the bod ar(^, 
probably, the best form of 
fastening if the bolts are suffi¬ 
ciently large. 

AVith a machine subject to 
such sudden strains as a screw 
press, the bearings need to be 



Fi«. 1>6.—Power-driven screw press. 


specially well made and to be examined occasionally to see that 
they are in order. If a press of this type “ runs hard ” the bear¬ 
ings should be examined immediately. 

Eccentric Represses, working with a plunger driven l)y an 
eccentric motion, are simple in action and have few parts to get 
out of order. They are preferably made double, so that there is 
loss liability to shock when pressing is overcome, and the pressure 
is maintained during a longer time. Such a machine is clearly 
shown in fig. 97, worked by a single cylinder engine attached 
to it. A front view of a similar press made by Bradley & Craven 
(Wakefield) is shown in fig. 98, but in this the bricks are placed 
in and taken oflf by hand instead of automatically, though a 
push gear can be added if desired. The press should, as in this 
case, stop automatically after each brick is pressed, so as to 
prevent any risk of danger to the attendant. 
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The essential |)art8 of the machine should be very strong and 
lar'ge; the eccentric and shaft sh'ould be of steel and the die 
lined with hard'metal or steel. 



Fig. 97.—Brick press with oooentrie action. 


The output varies from 5000 to 6000 bricks per day accord¬ 
ing to the size of the machine. 

A good eccentric-motion press of somewhat different type is 
made by T. C. Fawcett, Ltd. It has been specially designed for 
repressing wire-cut bricks and has a daily output of 14,000, the 
bricks being fed automatically or by hand (fig. 97a). 

10 
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Toggle-lever Presses work on an entirely different principle, 
and give two entirely distinct presBureB. Two arms or levers are 
used, and the prcsBure is applied in such a manner that after the 
brick has been pressed by the action of one lever, the motion of 
the machine brings the second lever into action and a double 
pressure is thus obtained. Fig. 99 shows a front view of a 



t'la. ft7a.—Eooentrio double preea for plastic bricks. 


typical press of this type by Sutcliffe, Speakman & Co., Ltd., and 
fig. 100 a back view of a similar press by the same firm, showing 
an oil-engine attached for driving it, though a small steam-engine 
is generally to be preferred. Another important feature of this 
maehino is that the pressure is retained on the brick whilst it is 
being ejected from the mould, thus rendering it possible to pro¬ 
duce bricks with a very good finish. 
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The motioiiB for feeding and delivering the brick to and from 
the mould and also for lifting them out of the mould are all 
self-acting and simjde. The bricks can be delivered to either 



Fm. 98.—Bradloy-Craven repress. 


side and the press can be easily regulated to press bricks of any 
thickness. 

In all toggle or knee-joint presses it is essential that the 
I)re88ure should be received where it is needed and not on the 
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framework, as thie type of prose is amongst the most powerful 
used in repressing plastic bricks. The bearings must bo of ample 
size and kept in thorough order and adjustment. 

Presses of the toggle-lever type are largely used for the “ Semi- 



Fig. 99,—Toggle lover press (front view). 


dry ” and “ dry ” brickmaking processes, and several other ma¬ 
chines will be found described in those sections. 

In the use of a press for repressing bricks, numerous little 
points must bo watched if lamination and other troubles are to be 
avoided. The die itself must be kept true to shape and relined 
as soon as it becomes appreciably worn, as with a worn die good 





Flo. 100.—Toggle lever press (back view). 

firms spoil their bricks with too much oil in the press; others 
are continually troubled by not using sufficient oil. It is a 
mistake to suppose that whenever a brick sticks in the die more 
oil is needed. Sticking is more frequently a sign that the bricks 
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bricks cannot be produced. Many brickmakers are careless in 
this respect and in the accuracy with which moving parts fit into 
the die-bo^. Unless these are rightly arranged much power is 
wasted and the best quality of bricks is never reached. Some 
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arc prossed in too soft a stato, and by leaving them to dry a 
littlo niortt, luiudi pticking may ))P iireventod. 

The use of colza or cod oil mix(^d with paraffin in the proportion 
of one tcaP|ioonfnl or more to a ]iint will often enable better bricks 
to be produced than when a cheaper lubricant is used on the bricks. 
Various methods for ai)plying tlie oil have been suggested from 
time to time, but none appear to b(> better than wiping the mould 
repeatedly with a greasy rag, and occasionally leaving the die 
full of oil for a night. Most of the trouble of bricks sticking is, 
as already not(‘d, due to ])ressing them when too wet. 

One common defect is the. plunger (or male) die not engaging 
proi>erly with the box (or hunale) die, but hitting the edge of the 
latter and then sli])pirtg in. in tiuut, the dies become so worn 
that an awis, or false edge, is produe.eil on tlie bricks, and their 
value is seriously diminished. This can only be avoided by 
keo})ing the guides for the plunger and tlui bearings through 
which the moving portions work very steady, so as to prevent 
slipping, and (>y placing the die-box very accurately in position 
and clamping or bolting it down whilst th(( plunger is actually 
engaged in it. 

This matter of accurately fitted dies is more important than 
appears at first sight, as defects in this part of the machinery 
not only produce unsightly bricks, but cause so much waste of 
pressure as, in many cases, to prevemt the repressed bricks from 
being any better for the treatment. This is one reason that 
so many firms find that repressing adds little or nothing to the 
strength of the bricks. Effectively ]ierformed, repressing is an 
advautag(!, but if the process is badly managed it wo)ild be 
better for the bricks had it been omitted. 

A brick once formed has a definite “std. ” or structure, and if 
it is repressed in a proper manner and at the pro])er time, the 
piirticles will simply be compressed and a denstT lirick obtained. 
If, on the contrary, the brick is placed in a die which is too large 
for it, or into one of a different shape, the “ set ” of the brick will 
bo destroyed by the extensive movement of the partiedes under 
compression, and a complex structure, due partly to the original 
formation of the liriok and partly to its deformation in the press, 
will be produced. Such a brick cannot, by its nature, be so 
strong as a brick of a more homogeneous structure. Hence, unless 
the dies of the repress are kept in first-class order it is better 
not to use a repress at all. For the same reason the production 
of cylindrical clots to be later pressed into bricks, is undesirable. 
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Die-Boxes in presses require to be made in such a manner 
that corrections for wear and tear can readily be made. Many 
mgenious devices for this purpose have been invented, amongst 
the best being (a) renewable lining pieces (i) built up sides. 

In dies or moulds with renewable liners the portions of metal 
which come into direct contact with the clay are in the form of 
thin strips of steel, which can readily be replaced when worn, 
without much expense being involved. 

With built-up dies the four sides of the die are made loose 



Fio. 101.—Jones’ patent briot: dies. 

and are held together l)y bolts, as in the ]>atent dies made by 
John Jones & Sons, Ltd. (fig. 101). 

The “ economic ” moulds made by Sutcliffe, Speakman & Co., 
Ltd. are based on the principle of a mould made in two or four 
parts held together by two massive bolts passing through the 
body. Loose liners are arranged with notched edges and key- 
pieces to fit perfectly to each other. On tightening the two bolts, 
the whole mould, including the liners, is held rigidly together, 
but on loosening the liolts it may be readily taken to pieces and 
the liners turned or replaced. These moulds can be fitted to any 
type of hand or power press and are very clioap in actual use; 
they deserve to be widely known. The saving of time they effect 
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in relining is very great, and they are appreciated by all who 
have used them, on account of this convenience. 

The illustrations show an “ economic ” mould taken to pieces 
(fig. 102) and put together ready for use (fig. 103). It is essential 



that the dies should be kept accurate in size, as otherwise the 
bricks will be faulty. 

Any variations in preparing the paste, or in its composition, 
will cause the size of the clot, or first-formed brick, to vary. To 
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allow for this variation the clot or brick is made small enough 
to drop easily into the die-box of the repress. Hence the brick 
does not fill the press-box neatly, and when the pressure is 
applied the clay is forced out until it meets the sides and ends 
of the box, producing a different “set ” and a rearrangement of 
structure, which may seriously affect the final strength of the 
brick. 

This difficulty may be partly overcome by the use of a device 
(such as that patented by Pullan & Mann) in which variations in 



Fig. 103.— “ Economic ” mould ready for uee. 

the thickness of the original brick are automatically taken up 
by varying the size of the frog in the repressed article. 

Surface cracks in repressed bricks which have been fired are 
sometimes existent liefore repressing, but instead of being healed, 
oil enters the surface indentations and cracks and prevents the 
surfaces from adhering. The removal of the brick from the 
press partially smooths over these flaws, so that it is impossible 
to detect them until they have been through the kiln. 

The chief use of the repress is to put sharp corners and 
square edges on an otherwise irregular block of clay, but by 
exercising greater care and skill in forming the original brick, 
much of the repressing now practised may be avoided. 
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DRYING. 

Plastic-inadc lirioks usually ruquire to lie perfectly dried 
before beiiig sent to the kilns as, if the moisture they contain is 
removed too rapidly, good bricks cannot be, jtroduced. 

Hacks (p. 56) are not usually (unployed except for drying 
hand-made bricks, thougb in some instances they are (piite 
satisfactory for the machine-made article. 

Artificial dryw's are of various types, rangijig from the simple 
shed to the most com]>lex of chamber- or tunnel-dryers using 
waste kiln-gases, live or exhaust steam, or both, and fitted with 
mechanical ventilators. 

The main principlciiapplied in the drying of bricks .ire con¬ 
vection. (!onduction, and radiation, the heat necessary being 
applied by ]>lacing the goods Oii Insated floors or in a current of 
air warmed to the desired temi)eraturc. l\'hen no artificial heat 
is used, a large amount of air at the ordinary temperature will 
be re<iuired, and if tint (day is tender it will be necessary to dry 
very slowly, as such (day is very s(>nsitive to strong currents 
of air. 

The simplest form of dryer is a shed in which is a number of 
racks or shelves on which the bri((ks are jdaced to dry (fig. 25). 
The walls of this shed ar(> made in sections of Venetian shutters 
which are opened to admit fresh air, or of boards which can 
be taken down and an open shed ])ro(luced. The roof should 
h.avo shutters which can be opened to create a better circula¬ 
tion of air when the bricks re(iuire it. 

The racks, or shelves, should be airanged with aisles or gang¬ 
ways between them if the shod is very large, and should not be 
higher than a man cun reach easily whilst standing on the ground; 
the use of trestles wastes much time and is far from satisfactory. 
Ample space must be left between the top of the racks and the 
roof of the shed, as if this space is too small there will not be 
sufficient air in the shed to retain the moisture given off by the 
bricks unless a very strong air-current is used. Such air-currents 
are disastrous with many clays. 

The cost of such a shed fitted with racks is by no means low 
(it amounts to about £800 for an annual output of 1,000,000 
bricks) and the cost of placing the i>ricks on and taking them off 
the racks is also considerable. It is, therefore, advisable in many 
cases to substitute some other form of dryer where the annual 
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output exceeds 1,000,000 hricks. For small ,ynrds the use of such 
a shed will effect a total saving of about 6d. per 1000 as com¬ 
pared with hack-dryinf;. 

It is wise to erect such ii slied the full width and to increase 
its length when a larger cajiacity is recpiired, as this arrangement 
does not interfere so much witli the working as wlien a series of 
sheds is used. The outi)ut of such a slied may be increased l)y 
laying three steam-]>ipes on the floor beneath each rack, or by 
constructing the racks of 1 in. iron pipes through whicii steam 
is passed. The use of steam is valuable when the bricks have to 
be made verj' soft, and the output of the works is too small to 
warrant the installation of a tunnel-dryer. 

Small vertieal boilers (piite suitablo for this work can now 
be obtained very cheaply, and the fuel being burnt under better 
conditions than when “ fires ” art* used for drying, nuKih heat is 
Bav('d. The trouble of a limited wab'r-supply need not be con¬ 
sidered serious, be(!ausc most of tlie steam can be condensed 
and collected at the outlet of the dryer. 

Th(> main underlying i)rinci]>le of the liest systems of drying 
by artificial heat consists in the use of a small volume of air 
at a higher temperatures in place of a large volume of cooler 
air. The advantages of this are so gi’eat as to make artificially 
warmed dryers far cheaper for large outjmts than is often 
supposed by bricjkmakers who are umuamstomed to the use of 
heat, and the volume of air being smaller the tendency of the 
goods to crack is greatly reduced. 

The best methods of applying heat are by no means easy to 
ascertain ; the common idea—-that of raising the temperature of 
the drying-shed liy suivplying heat to the floor—being found, on 
careful investigation, to require, serious modification if the. 
best results are to be obtained. In the first ])lace, bricks placed 
in a heated, closed shed will not be dried completely unless their 
temperature is so high that it would be difficult to deal with 
them when dry without loss of heat (and therefore of fuel) by 
allowing the shed to cool. In addition to this loss of heat, the 
irregular distrilmtion of heat whicli occurs in such a dryer is 
liable to give uusatisfactor.y residts, and better drying can, there¬ 
fore, lie obtained more economically by tlie more careful use of 
the principles underlying the Mipply of lieat and the evaporation 
of water in bricks. 

When a wet brick is heated, several reactions occur of which 
the following an' the most important:— 
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(а) The dry or solid portion of the material absorbs heat 
and its temperature increases. 

(б) The moisture in the brick also absorbs heat, and if the air 
surrounding it is capable of absorbing moisture some of the 
water passes out of the brick into the air, this process of drying 
being continued until either no moisture remains in the brick, 
or until the air can absorb no more because it is saturated. In 
this last case the temperature of the air must be still further in¬ 
creased, or the air must be replaced by an unsaturated portion. 

(c) As the moisture evaporates from the surface of the brick 
it is replaced by other water-particles from the interior, and the 
brick shrinks in size until a stage is reached where no further 
contraction is possible, after which simple transference to the 
surface and evaporation of the moisture alone take place. The 
amount of air used, and the temjteraturc attained by it and by 
the finished bricks, will depend upon a number of circumstances. 
Thus, as A. K. Brown has shown, “ to raise a dry brick weighing 
7 lb. from 60° to 61° P. takes only 1 '4 units of heat; but to raise, 
in the same wayj the temperature of a W(!t brick weighing 7| lb., 
and to evaporate at the same time the J lb. of water it contains, 
will take 567 units of hoat,'Or nearly 400 times as much. The 
latter figure represents the heat yielded by tlm consumption of 
about J ox. of ordinary coal. Not only so, but the heat has ab¬ 
solutely disappeared, and can only be recovered by condensing 
the vapour of the water-bath into the water again. For this 
reason the statements which aro sometimes made that certain 
drying systems use beat over and over again, and that the heat 
is not allowed to escape, must not for one moment be credited, 
although at first sight they seem to be borne out by the system 
referred to.” It will thus be seen that the supply of an ample 
amount of air, at a suitable temperature, is the primary factor in 
the drying of bricks, and the methods by which this is attained 
must now be considered. 

Three general methods are in use;— 

1. The bricks are dried by convection, by placing them on a 
hot floor which transmits its heat direct to the bricks, and these, 
in turn, warm the surrounding air and enable it to absorb the 
moisture evaporated, providing that sufficient air is present. In 
this case, the bricks are laid on the floor, or aro stacked to a 
height of about 3 ft. The disadvantage of this method of heat¬ 
ing is that it is wasteful of heat, the air being warmed by the 
bricks, and unless satisfactory means are supplied for its pro- 
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gressive renewal or removal, the drying is both irregular and 
slow compared with the amount of heat used. Such floors are 
not suitable for very tender clays. The floor may be heated by 
steam flues, by flues from coke or coal fires, or by waste kiln 
gases, or the dryer may be placed above or around a continuous 
kiln—a custom very popular in Germany but seldom used by 
British brickmakers. 

In spite of the advantages which some otlier dryers un¬ 
doubtedly possess, there are cases in which the drying room on 
top of a continuous kiln is equally satisfactory and often cheaper 
to work. This is especially the case where space is limited, and 
there iS'but little accommodation for a dryer on the ground level. 
The saving in fuel is also quite noticeal)le when the bricks are 
dried from the waste heat from the top of the kilns, even when 
the goods are ordinarily dried without heat exccjit in damp 
weather. The cost of raising bricks to the top of a continuous 
kiln is often greatly exaggerated, as a simple ohivator with 
balance weights will usually provide the elevating power, and 
the number of men needed is no more (and sometimes even loss) 
than with the other forms of dryer. In short, the firm which 
installs a simple drying room on top of their continuous kiln 
need have no anxiety when they have once arranged it to suit 
tlieir clay, for an error can only be made when, without attempt¬ 
ing to understand the conditions under which the elay must be 
dried, a dryer is designed as a direct copy of one used by another 
manufacturer. 

Opinions differ greatly as to the relative value of steam and 
fuel for heating dryer-floors; the use of gases from kilns is only 
employed to a very small extent, and many firms would profit 
by more attention to this method of working. 

The gases should be drawn from the kilns under the dryer 
floor by means of an induction fan, placed at the farther end of 
the dryer, as, by this means, the gases are cooled so that they 
cannot injure the fan. Thehoor is so constructed as to distribute 
the heat evenly throughout, a design similar to that used for 
steam but with flues 18 in. deep being satisfactory. Larger 
flues may be used if a light floor is strong enough. The fan 
should show a gauge reading of i in. to 1 in. of water. 

When steam is used, it is customary to employ exhaust steam 
during the day and live steam at night, if necessary. The con¬ 
struction of the floor is practically the same as when fuel or kiln 
gases are used, except that the joints may require to be rather 
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tighter to prevent condensation on the bricks, and the sub-floor 
must be carefully concreted to prevent the ground Ijeing unduly 
softened by the condensed steam. Some attention should also be 
paid to the draining away of the water produced in the flues of 
a steam-heated floor, and on this account the sub-floor should 
slope in. the same direction a,s the steam travels, though B. 
Thomas has found a depth of 2 in. of water on the.! sub-floor to 
be an advantage in securing a more even distriljution of the 
heat. Th(^ steam being of a uniform temperature', the lines of 
brickwork forming the flues may be broken by setting these 
bricks aliout 1 in. a])art; incidentally this secures a bettor dis¬ 
tribution of the steam. Tlie, floor should be divided into a num- 
beir of sej)arate sectioHS, each about 10 ft. wide and each 
capable of bi'ing worked iud(>pendently. This serves to economize 
steam and facilitates the n.'gulation of the drying. 

Th(' steam from tlie I'oiler enters a transverse flue at one end 
of each of these sections from a i>i])e. controlled by a sj)ecial 
cock or valve, flmilly cscaj)ing through a similar transvm'sc' flue 
at the other end of the section, ft is important that a vi'iit for 
the escaiic of steam, as w(dl as a dra.in outlet for tlie water, 
sliould lie provided at the end of each section. Some makers 
prefer to let the-steam enter a transverse Hue in tlie centre of 
the dryer instead of at one end; this is desirable if the dryer 
is more tban dd ft. in length, but otherwise it is more convenient 
to have tin* steam-inlet pipes near to a wall and so out of the 
way. 

The use of drain pi]ies to form the Hues of a drying Hoor 
should be avoided, they are seldom, if ('ver, satisfactory, and il’ 
the spaces between them are filled with solid ground the heating 
power of different portions of the Hoor is vi-ry in-egular. 

A steam floor built in si'ctions, .‘10 ft. long and 10 ft. to Jb ft. 
wide, will dry ten bricks jicr week for every sijuari' foot of surface 
if properly built and cared for. If Ihi' flues are. covered with 
iron jdates instead of with cement a slightly larger output may 
be obtained, but the use of iron presupposes that the bricks can 
withstand somewhat rajiid heating. 

An excellent arrangement of flues for a steam-heated floor 
consists in laying bricks end to end on their edge with their sides 
0 in. apart (centre to centre) on a sub-floor mad(‘ of concrete 
a m. in thickness, and covering those bricks with others laid flat as 
“ stretchers ”. A finishing cover of cennuit, 2 in. thick, or iron 
plates, :J ft. 8(iuare, completes tlu' floor. The cement (ioa-ering 
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is preferable, as it does not transmit tlie heat so rapidly as do 
iron plates. 

The lowest iiricks art! set with their ends 1 in. apart until a 
width of 10 to 15 ft. is obtained, when they are set close and 
jointed with mortar or oement so as to form a series of indepen¬ 
dent sections. In place of bricks, liollow blocks may be used 
where tlie weight to be carried by the floor is not excessive. The 
thickness of material between the steam and the bricks to be 
dried is less than witli a brii^kwork floor and the hea t is transmitted 
more readily. Such a floor is, however, more easily damaged by 
carelessness in tlu! use of the barrows employed for carrying off 
the bricks. 

Moors iK'ated by coke, coal, or kiln-gases have the flues 
arranged similarly to those employing sti!am (]>. 157), the fires 
being arranged at one end of tin* dryer and a chimney at the 
other. The sections should not be more than 8 ft. wide for each 
fire us6!d, and tlu! thickn(!ss of floor above the flues should be 
greater nearer the fires tlian at tlu! other end, so as to secuia; as 
even a temperaf ure as possible in the. bricks. The whole of the 
dues should sloiie slightly ii]>wards towards the chimney-end and 
the gases should be collected in a transverse flue before being 
taken to the chininey. A floor heated in this way will dry 10 
to 12 bricks p('r scpiarc foot jier w<!ek if very carefully watched 
and with a favourable clay, but. wdth baidc.r clays serious 
ilillic-ulties may be experienced. 

When kiln-gases are used they are delivered into a transverse 
flue at one (!nd of the floor through a. Hue comuicted directly to 
the kiln. In order to previmt a back draught on the. latter it is 
usually n(>(a!ssary to employ a. fan at the other end of the dryer 
in order to draw the gases through ttu! floor. A blowing fan can¬ 
not well be used, as the gas(!S ari! too hot, except when ol.itaiued 
from continuous kilns. It is, however, a mistake to attempt to 
use the gases from j)roi)erly constructed continuous kilns for 
this purjrose, as their heat should have been used in the kiln 
itself with f he exception of a small amount necessary to carry 
the gases up the chimn(!y. 

The use of wast(! gases from single intermittent kilns for 
drying has not rec(!ive<l tlu! attention it deserves, yet when a 
number of such kilns are connected to the same shaft it is not 
usually difficult to connect them to the dryer and so use the 
heat the gases contain. These gases must not, however, be 
allowed to come into <“outact with the bricks or the latter Will 
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be diBcoloured, though so long as gas-tight flues or pipes are used 
for containing the gases no harm of this sort can occur. The 
hot gases should be taken from the top of the kilns. 

The hot floor is one of the oldest forms of artificial dryer 
known, and for ordinary building bricks it has now been largely 
replaced by tunnel dryers, though for fire-bricks, terra-cotta, and 
in many somewhat small brickyards a hot floor is still used. 

After the bricks have .been partially dried on a hot floor they 
arc usually stacked, in order that they may take up less room 
before they are taken to the kiln. This is a waste of labour 
which should be avoided wlien possible, but is sometimes un¬ 
avoidable. The bricks may bo stacked in a variety of ways, and 
suggestions in this conaoxion may . bo gained from a study of the 
illustrations in Chapter VIII on setting and burning. 

Some clays permit the bricks to be stacked very openly, whilst 
with otlnffs the bricks must be placed very close together so that 
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Fiu. 104. —Btioka set in open oheqncr work. 


"they may dry very slowly. In the latter case, a simple chequer- 
work arrangement of the bricks should 
be used (fig. 104), but if an open setting 
is required the arrangement shown on 
this page (fig. 105) is to be preferred, 
an “ air flue ” (a) running through each 
set of bricks. 

If the bricks are set in blades or 
walls, these should be about 8 in. apart 
BO as to permit of easy handling and 
ample air-space for drying. The height 
of such blades or walls will depend upon 
the stififnesB of the bricks, but ought not 
to exceed 4 ft. 



Fig. 105.—Bricks drying on 
hot 6oor. 
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2. The goods are placed in special chambers—usually of a- 
tunnel form—and the air is drawn through these chambers, 
lieing heated directly and communicating its heat to the bricks. 

In tunnel-dryers the air is heated, and the goods are dried 
chiefly by their contact with warm air, though they are, to a 
limited extent, heated by radiation from the pipes, etc., in the 
dryeir. The basic idea m a tunnel dryer is the same as that in 
a continuous kiln, with the difi'erencc that, instead of the goods 
remaining stationary and tlie heat travelling (as in a kiln), the 
goods usually, but not alw.ays, travel in the dryer. 

In most cases the bricks are placed on cars and are moved 
through the chambers, whicli iire made sufficiently long to hold 
a number of cars at a time, but dryers using warm air in which 
the goods are stationary are also (unployed. These latter have 
the disadvantage of wasting some heat and the goods must be 
taken to the dryers, set, and again lo.aded on to cars or barrows 
before being taken to the kiln, tims necessitating a loading, sot¬ 
ting, and reloading which are avoided when cars iire used. On 
the other hand, the cost of the cars is avoided. 

The best results are obtained (]iroviding the gooils can with¬ 
stand the slight shocks produced when a ear is removed from a 
dryer, the remaining ones moved forward, and a Jicw one in¬ 
serted) when the bricks remain on the cars during the whole 
drying j)eriod, but with delicate articles, and where the cost of 
cars would form a serious charge on the capital of the firm, it 
may be necessary to place the goods in a tunnel until it is filled 
and to remove them when dry, though a little consideration will 
show that this method is more costly both in handling and in 
heat than when the goods move forward tlirough the dryer. 

Tunnels in which no cars are used must lie filled, the goods 
dried, and the tunnels then emptied. Such tunnels are there¬ 
fore intermittent in action. When cars are used the dryers are 
generally made for continuous working. The chief use of ear¬ 
less dryers is for specially tender clays which will not stand tin' 
shocks of the cars; but if these vehicles are xuoperly constructed 
continuous dryers will lie found preferable. 

A simple form of continuous tunnel-dryer is shown in fig. 
106 in section and in fig. 107 in plan. In this the cars (C) carry¬ 
ing the bricks to l>e dried, enter at the cool end (B) and are 
moved intermittently (i.e. each time a car is drawn out of the 
dryer) towards the end (A). Hot air enters the dryer through 
the flue (A) and is made to travel in the opposite direction to 
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the goods, the movement of air being indicated by the arrows. 
When charged with moisture and cooled, the air passes out 
“through the flue (B). Only one track or tunnel is shown, but 
any convenient number may be placed side by side. A conveni¬ 
ent size of tunnel is 120 ft. long, holding sixteen cars, each carry¬ 
ing 360 bricks. When properly constructed and worked, a tunnel- 
dryer should dry even tender clays in twenty-four hours, or an 
average of four bricks per minute. 

It has been shown, by A. B. Brown, that a tunnel-dryer is 
most efficient when the air enters it at 170° P., and leaves it at 
82° F., but this latter temperature is too low in practice, because 
the air is so charged with moisture as to make it difficult to 
avoid its condensation on the goods jugt entering the dryer. In 
some instances bricks are found to weigh several ounces more 
after a short-time in the dryer than they did before entering it; 
this is due to condensation of moisture on them. The result is 
that, with a dryer of this type (i.e. one in which the air and 
goods travel in opposite directions to each other), the air is 
discharged at about 90" to 95° F., and a slight loss of heat thereby 
is accepted as inevitable. 

The movement of air is effected by means of a fan or a special 
chimney stack. It is heated by passing over a special heater 
using fuel or kiln-gases, or by mixing it with gases derived from 
the combination of fuel, either directly or as the waste gases 
from kilns. The latter method is not satisfactory when the 
colour of the finished bricks is important on account of the im¬ 
purities in the gases. 

To prevent the bricks at the top from drying too rapidly, 
some means of controlling the air currents and regulating their 
velocity in different parts of the dryer must be provided. Other¬ 
wise the topmost bricks will bo dried more rapidly than the lower 
ones. This is often overlooked by amateur dryer-builders. 

The Blackman Ventilating Co draw air partly over grates 
(G) (fig. 108) on which the fuel is burning, and partly through 
other openings protected by gauze doors, so arranged that the air 
is mixed with passing through the fire-brick flues (R) before it 
passes the fan (V) and enters the dryer through the upcast (A) 
as already described. Such an arrangement is known as a “ slab- 
heater ”. It is very effective, as the flues (R) tend to heat the 
air very uniformly when the heater is properly oared for, but the 
warming of the air by its admixture with the products of com¬ 
bustion of the fuel is a serious drawback except for common 
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goode. On this account the tubular coke-heater (fig. 109) made 
by the same firm, in which the air is kept pure and is heated by 
passing through iron pipes, is to be preferred. In it the gases 
produced by the inirning of the coke pass around the iron pipe^, 
heating them, and then out tlirough the chimney. 

Slab-lieaters los(' a serious amount of heat when above 
ground, hence tlie Sutcliffe Ventilating Co. place theirs below 
the ground level, and employ a different arrangement for regulat¬ 
ing the amount of air passing through and over the grates and 
that used to dilute the products of combustion. 

The “ Aero ” dryer used by H. llaynor at Witham, Essex, is 
similar to those by Blackman A Sutcliffe, but an induced draught 



T 

Kifi. 108.—I’liin of Blaokmaa heater. 

fan is placed below the ground level at the opposite end of the 
dryer to that, at which the stove is fixed. The air, heated in a 
slab-heater or in any other suitable manner, enters an expan¬ 
sion chamber and then passes through a square hole (inlet-valve) 
in the'floor of each tunnel. After traversing the tunnel it passes 
out through another square hole (outlet-valve) in the floor to the 
fan and the outside air. A chimney fitted above the exit (fan) 
end of each tunnel enables tht( dryer to work at night without 
the necessity for running the fan if the outlet-valve is closed. 
Control of the heat is obtained by means of dampers. Thus, 
heat is prevented from entering a tunnel by covering the inlet- 
valve with a damper. The draught is also controlled in the 
same way at the outlet-valve. An imj)ortant feature in the 
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construction of this dryer is that each of the outside walls con¬ 
sists of two separate walls of 4^ in. width, with a in. space be¬ 
tween them. The draught from the fan draws any warmth from 
this cavity that may penetrate the inner 4| in. wall hack into the 
tunnels, wliere it is again utilized for drying. 

Steam-heaters are placed under the warm end of the tunnel 
if of the tubular form, but when steam pij)ee are used they are 
generally placed in the floor of the tunnel just below the rails on 
which run the cars carrying the Vuicks. Tubular steam heaters 
usually consist of a cylinder 10 to 20 ft. long fitted with about 
200 tubes, each 3 in. diameter, through which air is blown by a 
fan, and around which live or exhaust steam circulates at a 
pressure not exceeding 60 lb. Such a^ heater shown diagram- 
matically in figs. 109 and 110 is supplied by several firms. 



notably the Blackman and Sutcliffe coni]ianies just mentioned. 
An excellent steam heater of American design is shown in fig. 111. 

The Wolff dryer has steam pipes placed under the floor of 
thg tunnels to about three-quarters of its length, as shown m 
fig. 112. The pipes are arranged in four or more sections, the 
steam passing from one to the other in turn, and leaving any 
condensed water in the 5 in. connecting or “ service ” pipes. The 
amount of steam is so regulated that none escapes from the last 
section. All the water produced by condensation is taken to the 
boilers. The roof of this dryer is double and has several open¬ 
ings at the cool end which may be used to increase the ujiward 
movement of the air and to take it direct to the shaft. The 
volume of air supplied in this dryer is comparatively small, 
rarely exceeding 2500 cub. ft. per minute in each tunnel. 

Drying is slower than in some other types of tunnel-dryers, . 
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being seldom completed in less than fifty hours and occasionally.., 
requiring five days. 

^ Condensation on the goods is often heavy, owing to the air 
being highly charged with moisture at the entrance end of the 
tunnel, and a preliminary “ tempering chamber ” about 40 ft. in 
length is, therefore, used to prevent this deposition of water on 
the bricks. In short, the Wolff dryer is economical in regard to 
the amount of steam it requires, but it is capable of'much im¬ 
provement in several ways. 



When kiln-gases are used in a tunnel-dryer, they should be 
passed through somewhat wide metal pipes on account of their 
corrosive powers, unless the smaller piping can be cheaply and 
easily replaced. The flues or pipes should be some distance 
below the goods so as to allow some circulation-of the air heated 
by them, or the bricks will be irregularly dried. 

It is, usually, best to employ waste steam as far as possible, 
and only to finish the drying with air heated by, passing around 
flues containing kiln-gases. 

The most efficient and effective drying of bricks is obtained 
by the use of the tunnel-dryers in which both goods and air move 
in the same direction. The air is cold as it enters the dryer, and 





Fig. 111.—American air heater. 
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it and the briekg are l)Oth warmed progressively, as they travel 
forward, so that the air passes out of the dryer warm and leaves 
the bricks hot and dry. 

As the heat-(!arrying power of the ah' increases very rapidly 
with an increase in its temperature liy working in this “direct” 
manner, there is no danger of condensation on the goods, and the 
drying can be accelerated as soon as sufficient moisture has been 
removed from the goods to (n\able tliis to t>e done. 

As exhaust steam does not sup]dy heat at a sufficiently high 
temperature, the hot end of the dryer must l)e supplied with 
gases from a furnacie or kiln. 

A typical dryer of this kind is one patented (tig. lid) liy A. E. 
Brown. A series of furnaces or slab-lieaters (H) is placed below 
the hot cud of tlie dryer; and the air from those jtasses through 
a scries of pij)es (C) whicli are separated by broad transverse 
cliambers (0) covered with sheet iron (d) to facilitate sweeping 
or obviate the dofee.ts of expansion. At the cool end of the dryer 
these gases pass through a series of tubes (K), around which the 
air for the dryer circulates, and are taken to the chimney by a 
fan (not shown). Any additional heat tliat may be re(piired is 
supplied by steam pipes (e), and kiln gases carried in pijxis o]' flues 
may replace those from the slab-heaters (H) in whole or in part. 

The air for drying the bricks enters below the floor level at 
(/), passes around the heater (K) and into the tunnel at (A). It 
then traverses the entire length of the tunnels in the same direc¬ 
tion as the cars, becoming wanned by and taking up more and 
more moisture from the bricks. It flows in a gentle stream, and 
by reason of the overhead radiation does not roepdre diverting 
by baffles or keeping-in spiral moveme.nt by side fans. There is 
consequently an entire absence of surface drying, and its attend¬ 
ant warping and cracking of the goods. Below the roof (D) a 
ceiling Hue (F) is formed either by tubes or, as here shown, by 
a sheet-iron ceiling (b). Into this flue the hot air now enters at 
(k), travelling in the reverse direction, to the collecting flue (M) 
by which it reaches the fan. The heat from the hot air radiates 
downwards through the cculing. 

The air necessary for corabnstion of the find of the furnace 
enters the cooling chamber at (1) and passes off the hot cooling 
bricks from the openings (m), y)icking up the heat given up by 
the dried bricks in cooling. The necessary suction of the air and 
furnace circuits is created by a fan placed at the cool end. Some 
amount of condensation of the moisture dried out of the bricks 
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Fig. 113.—Brown’s tunnel dryer. 
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occurs in the ceiling flue (F). The fan thus produces simultane¬ 
ously the circuits of the furnace gases and the drying air. 

When treated in a tunnel worked in this manner, most (eveh 
tender) clays may be dried within thirty hours,as the amount of air 
used is very small in volume. It is, during the greater part of 
the drying, so charged with moisture as to be nearly saturated. 
Excessive surface-drying and strong air-currents are thereby 
avoided, and many clays which will inevitably crack when dried 
in other ways can be readily and satisfactorily dried in a tunnel 
of this description under careful management (see p. 175). 

The Wolfi" dryer, when worked in the opposite manner to 
that usually employed, is converted into a dryer of this type, and 
so gives far better results for the reasons just mentioned. 

The Moller and Pfeiffer dryer also works on this plan, and is 
in extensive use on the Continent. This dryer has, however, a 
number of fans at the side, so as to give a spiral or corkscrew 



Fro. 114.—Single deck brick-car. 


motion to the air in the dryer, this air being repeatedly passed 
over the heaters and goods in its sj)iral journey. The makers 
claim that they can dry any clay, no matter how tender, in 
twenty-four hours, and many clays in a shorter time, and so far 
as the author can learn they appear to have fulfilled this promise 
in most instances. There is, in fact, no doubt that this type of 
dryer is the most efficient on the market, but the cost of fans 
makes it expensive to install, and, for most purposes, a similar 
effect can be obtained without those fans by providing a false 
ceiling, arranged as in fig. 118, to give an overhead radiation. 

The power required to drive a fan suitable for a dryer need 
not exceed 2 b.p.h. for four tunnels yielding together 16,000 bricks 
per day. The fuel and steam consumption is distinctly less than 
in any other form of dryer, amounting to about 1J cwt. of fuel per 
10,000 bricks dried at an average of four per minute. 

The cars used for carrying the bricks may be of the single (fig. 
114) ordouble deck (fig. 115) type. The method of loading them. 








Fia. 116.—Stool-pallets for briok-cars. 


roller-bearings (fig. 118) and steel wheels 
12 m. diameter. A suitable rail-gauge is 20 or 24 in., the 
wheel base bemg 30 or 42 in. respectively. The narrower sizes 
are preferable for ordinary work. 
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As the dryer rails are usually at right angles to the presses it 
is generally necessary to employ a transfer-car (fig. 119), which 
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from the other end of the dryer. An ordinary brick-car costs £4 
to £6, a transfer-car about £9. 

The rails in the dryer should weigh at least 14 lb. per yard 
and should be securely bolted with fish plates. They should be 
laid so as to slope 1 in 80 towards the exit end, though some 
brickmakers prefer a level track. 

The cars are usually propelled through the dryers by moans, 
of a winch working on the car about to enter the dryer. A small 
pulley on a horizontal axis is mounted below the rails about 6 ft. 
inside the dryer, and over this is passed a steel rope with a hook 
at one end, the other being wound round a hand winch. The 
hook is attached to the back of the car, and on working the winch 
the car is drawn forward into the dryer ,and the door closed. 
When it is necessary to imt another car in the dryer the hook is 



Fio. 119.—Tran«fer-car. 

taken off and placed at tlie back of the new car, which is tlien in 
its turn made to enter the dryer by operating the winch. 

Other appliances of a more or loss automatic character may 
be used, and in some yards tlie slope of the rails is sufliciemt to 
enable a strong man to do all that is needed, without any winch 
or other mechanism being necessary. 

In general construction the outer walls of dryers are built of 
9 in. brickwork, the inner ones l)eing thinner. The roof may be 
of galvanized iron or concrete; a wood, felt, or iron roof, well 
pugged with sawdust or sand is jiroferable, as it does not con¬ 
duct—and BO waste—heat so readily. A sliding door, projierly 
counterbalanced so as to rise easily, should be Twovided at each 
end of each tunnel. By constructing a dead air-s])ace in the 
roof and outside walls, much loss of radiated heat may be pre¬ 
vented and fuel saved. 
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At the outlet-end (particularly if there is a sloping track) It- 
is wise to have some safety arrangement, so that in the event of 
a oar breaking loose it will not damage the door. For this reason 
some dryers have the exit door hung with hinges at the top, a 
chain hung over a pulley, and attached to the counterpoise, 
being fastened near the bottom, but the simple rising door fixed" 
without guides is equally satisfactory if not made too heavy. 

The cost of erecting tunnel-dryers varies greatly, but a fair 
average for each thousand bricks’ capacity is about £45 for the 
“ direct type ” and £35 for the “ inverse type ". The apparently 
greater cost of the former is, however, saved in actual working 
and upkeep costs and in the fewer worthless bricks produced. 
Broadly speaking, a tpnnel-dryer costs the same as a continuous 
kiln for the same annual output. 

All continuous tunnel-dryers must work day and night, the 
cars being withdrawn at regular intervals Itoth day and night. 
The kiln fireman can usually attend to this at night, as it 
usually only moans inserting three cars and withdrawing three 
others. 

The objection to running a fan at night urged by some brick- 
makers has no real foundation, as wherever steam is employed 
in a dryer it necessitates a night stoker, and he can attend to fan 
and dryer at the same time as the boiler. 

To get the best results from any dryer, means must be pro¬ 
vided for testing the amount of moisture and the temperature of 
the air in it as well as the volume of air used. For this purpose 
wet-bulb thermometers should bo employed, a recording ther¬ 
mometer being also very desirable. Directions for using these 
can be obtained with the instruments. 

In comparing the relative cost of working with different 
dryers all matters must be taken into consideration, as certain 
firms’ representatives are sometimes inclined to minimize the 
importance of such subjects as “ back-pressure ” and “ an odd 
load or two of coal ” each night. Yet these trifles may make all 
the difference in obtaining an accurate comparison. In cal¬ 
culating the cost of drying bricks by various methods, it is fairest 
to take the number of good and perfect bricks as the basis, for 
the others are practically useless. Most dryer builders do not 
like this method of calculation, for it tells against poor or un¬ 
suitable dryers, but it is the correct way, nevertheless. Another 
. factor which is often omitted in comparing different kinds of 
dryers is the depreciation and interest on capital; in other words, 
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pS special machinery, etc., needed, and their effect on. the cost 
^.the dried bricks. 

It is specially necessary to see which form of all those 
suitable for a particular clay is cheapest in actual use; depreci¬ 
ation and interest charges must be included in this, as well as 
the material used in construction (wood, brick, or iron, or all 
three). The cost of working and of the labour required also need 
consideration. 

The ctoice of a dryer is not so simple as most people suppose, 
if the really best dryer for the particular clay is to be selected, 
and in most cases impartial expert advice should be sought. 

No matter how skilfully a dryer may be constructed, unless 
it is properly managed it may prove a failure, particularly with 
a tender clay. It is, therefore, necessary that the men in charge 
pay full attention to instructions given to them. 

In drying tender clays, the chief requireinent is to use air fully 
saturated with moisture to raise the temperature of the bricks 
to that at which drying may most suitably take place. So long 
as the air used for this is sufficiently moist no drying or cracking 
can occur. When the bricks are at the right temperature, the 
moisture-content of the air used may be reduced in gradually 
increasing amounts until the bricks are strong enough to allow 
dry air to be used. In this manner, the tenderest clays may be 
satisfactorily dried in a comparatively short time. One method 
of keeping the air around the bricks sufficiently moist is to heat 
them in a closed chamber, air only being admitted very cautiously 
when the bricks are at 100° C. Instead of using a closed chamber 
it is often sufficient to cover them with wet canvas and to cover 
this with tarpaulin until they are fully heated. The tarpaulin 
may then be gradually removed, and afterwards the canvas also. 
This principle is simple of adoption in almost any brickyard, 
even where the output is not sufficient to warrant the installa¬ 
tion of a special tunnel-dryer. 

In these ways the moisture is sweated out with a minimum 
of air and consequently the liabUity to damage is at a minimum, 
shrinkage is made regular, and warping and cracking are avoided. 

Bleininger has found that clays which are difficult to dry 
because of their high shrinkage, may bo rendered normal by 
heating the raw clay as it comes from the pit in a rotary furnace 
at a temperature of 250° to 400° C. This destroys part of the 
plasticity-forming power of the clay, and enables the material 
to be dried in the same manner as less plastic clays. The cost is 
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plastic material will also convert”^’ ”»«- 

of normal strength. It does this ^‘’"der clays into those ' 
one another and so incroasinc the Particles from 

with boUing water instead of cL^luri^ claya 

ing. has a similar effect and n P"S'S:iiig or temper- 
harden slightly as thorcorhefl e " bricks to 

Transport.—Vlugtif. liru-V. ' ' “Coring the dryer, 
or occasionally on belt or fK on barrows or cars 

tnnnel-dryers are used, cl“^!continuous’ 
Ktlns.—Uhe kilns used ii i employed, 

single, intermittent, and cont'inuou””/ 

in Chapter VII], as the kih, used r described ' 

the method of mmnffactmit^ToyeS"^^^^^ 

the clay should be thorouSy a^eaSr 
terial which is too coarse to pLs a N^fo '"T 
A constant ami uniform composition ^rejected, 
maintained so as to obtain I constant 1^^ ^"d-water must be 
thorough and careful temperinT le ! for this. 

Sufficient water should be worked info necessaiy. 

must be avoided. The machinerv *^^0 clay, but an excess 
good order, and the drying settimr -.ri’T' “'““tained in 

out under constant Bkilled siipervisimi ’r earried 

be obtained. ‘ ‘®'b ** the. best results are fo 



CHAPTER V. 

THE STIFF-PLASTIC PROCESS OF BRICKMAKING. 


Whilst aliiiost any clay of sufficient purity can be made into 
bricks by moans of one of the processes described in the previous 
chapter, these methods are far from being the most economical 
so far as certain clays arc concern ed. The proportion of water 
which it is necessary to mix with the clay in order to produce a 
plastic clay may easily amount to more than 1 lb. of water per 
brick, and this involves the use of a larg(' amount of time, or 
artificial heat, in its removal. • ..y 

There has, therefore, within recent years, arisen a practioetf 
amongst brickmakers whereby the clay is worked up into a mt^h / 
stiffer and less plastic paste with a smaller quantity of water, or/ 
in some cases with no water at all, so that the large amount-w 
water necessarily added in making bricks by the plastic prooej^ 
is partially or completely avoided, and the bricks require bj; 
little drying, and frequently can be set directly into the’ 

T'bose processes in which little, or no water is used ar^knr* 
respectively as the “ stifi-plastic,” “ the semi-plastic ” ot.^‘ sf 
dry,” and the “ dry-dust ” processes; the first of these wP 
described in this chapter. piout. 

The advantage of the stifi-plastic process lies in the facr 
when property carried out the bricks need but little dryi'P 
stiff and easy to handle, and may be repressed, if deJ ** 
immediately after they are formed. At the same timi;:’ 
resemble in structure and characteristics those made 
plastic process far more than when the drier processes et 
In connexion with repressing it must be remembered tiff® (%• 
firms of brick-machine makers do not consider the “ 
lirick at all, but employ a press as an integral part of there 
and consecpiently understand by a repressed brick 
lias been passed through two distinct presses. 

The disadvantages of the stiff-plastic systen 
cannot be used for certain classes of clays of an 
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sticky character—though even with these much may be done 
by the judicious admixture of sand or other non-plastic materials 
.—and there is a great temptation when it is used for brickmakers 
to hurry the clay direct from the machines to the kiln and to 
heat up too ra])idly, with the result that the finished bricks are 
badly discoloured and are often warped. Had they been dried 
properly before being sent to the kiln, in many cases first-class 
bricks would have been produced. 

The advantages of the stiff-plastic system are, however, so 
obvious and so important, tliat there is little doubt that this 
will be the chief process of brickmaking in the near future. The 
disadvantages are much more apparent than real, and with 
reasonable care can bo overcome with tlie majority of clays 
suitable for brickmaking. ,, 

The process of making bricks by this system n^cpiires the 
provision of a comparatively dry clay, or om^ in which a wet 
clay can be mixed with a large amount of dry material so as to 
make a relatively dry mixture. This is necessary, lnaauisc in 
this process the clay is ground and sifted in a relatively dry 
state, and this sifting and grinding cannot la^ effected by the 
same plant if the clay is very moist or damp. It is s|)ecially 
uitable for certain shales, which are becoming incn'asingly 
opular for the manufacture of hard burned, slightly vitrified 
lilding bricks. 

Briefly, in the stifl-]>lastic process, the (day or shale is brought 
from the pit in wagons and fed into a grinding mill, generally 
re edge-runner type, with revolving perforated pan, though a 
tninary breakage of the large lumps is desirable. Tin; clay 
mnd dry or in a slightly moist stat(', and is then taken by an 
:or to the screens, of whi(di there is generally on(‘ to each 
The clay which passes through the screens goes down a, 
nto a mixer, where a little water is added and the whole is 
oroughly mixed. It next goes into tlu! making-machines 
iressed into rough blocks or “ clots ” ;d)ont the size of a 
These are then repressed, this latter operation giving 
k its proper shape, making the “ well ” or “ frog ” and 
«n the name of the firm. The bricks are then dried, 
wy, and taken to the kilns. Drying is avoided when 
his being the great advantage claimed by the stiff- 
cess, though even where it cannot be entirely avoided 
preatly reduced. As the bricks when taken to the 
resumably, in the same state as those made by the 
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plastic process, similar kilns may be used. These are described 
in Chapter VIII, but it may be noted here that for large outputs 
some form of continuous kiln should be used for bricks made by 
the stiff-plastic process. 

The material must be sufficiently ground, and for the best 
bricks must be able to pass through a sieve with twenty holes 
per linear inch without leaving any residue, though for com¬ 
mon bricks a coarser sieve may be used, one with eight holes 
being popular. It must be mixed into a paste of even composi¬ 
tion and of constant stiffness, and the machinery used must be 
kept in first-class order. If these matters are attended to and 
the material is suitable, no serious difficulties should occur in 
the manufacture of stiff-plastic, bricks. 

The material used in jhe stiff-plastic process may be of 
almost any kind that will make bricks, providing that it is not 
too sticky. Shales and some loams arc best for the purpose, but 
some boulder-clays can be successfully used. As all these ma¬ 
terials are somewhat variable in composition when first won, 
it is necessary to mix them thoroughly, and for this purpose it is 
better to use a grinding mill than crushing rolls, as the former 
has a powerful mixing action. The material being practically 
dry, the advantage, of grinding mills with perforated revolving 
];ans is available, anil this type of mill should be used except 
under extraordinary circumstances. 

A large mill is desirable so that there may be no trouble^ 
obtaining a sufficiency of ground material. With a small Wwfr 
the working of the plant is troublesome, but with a largerj 
any excess of clay over that reipiired can usually be .stored# the 
it is needed. Moreover, the cost of running a large mill j/Jiont, 
per ton of material ground, and, consequently, if the the 
well arranged a notable saving in power is effected. TPP the 
full advantage of this saving, the mill and the rest of t^^ it is 
must be cajiable of working independently of each other/ .' not 

The output of all edge-runner mills for dry material 
closely connected with the sizes of the pieces and theM 
in which they are fed. If too little material is supp'i (tig- 
obvious that they cannot work at their full capacity. ^ |obout 
seldom realized by those in charge of such mills that," or 
the output is also reduced, even though the overfee'*M®°™ct 
temporary. To secure the beet results an edge-runnel^^ by at- 
be supplied with small pieces and in as regular aiW weight 
possible, and the ordinary method of emptying a'ft^^’^ising 

Wtil the- 
^ of the 
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material into the mill by means of a “ tippler ” or similar con¬ 
trivance is not calculated to give the best results. 

The best means for feeding the mills must be decided upon 
by those in charge, as it is largely a matter of cost. Thus the 
ideal way (regardless of expense) is to attach a preliminary 
stone-crusher and a mechanical feeding appliance to the mill, so 
that the supply of material to the latter is independent of the 
amount brought from the clay pit. Such appliances require 
power and cost a certain sum for installation, and it is sometimes 
(though very seldom) found to be cheaper to run the mill below 
its capacit}', instead of using them to supply it with a regular 
and suitable feed. 

The method, sometimes used, of keeping a man at the mill 
to break up large pieces and shovel in the material at frequent 
intervals, is invariably more costly than the employment of a 
breaker and feeding appliance, and is not so satisfactory. To 
some extent feeding appliances may be avoided by the use of 
very small wagons, so that only small quantities enter the mill 
at a time. The tvear and tear on these small wagons and the 
cost of haulage must, however, be taken into consideration when 
the question of a feeding apparatus is under discussion, and they 
do not prevent lumps from entering the mill. 

One great difficulty accompanying the introduction of auto¬ 
matic breaking and feeding appliances into existing works, where 
\hey would undoubtedly save money, is the lack of room in the 
t-house for such an apparatus to be inserted. In several 
■vnces where the mills have not been capable of supplying 
lient material under existing conditions, and where it was 
sary to work them at their maximum capacity, the author 
■'ccessfully employed the following arrangement:— 
i material is brought from the pit in wagons of the usual 
nd the contents of these are tipped on to a sloping tray 
f with sheet iron and provided with sides about 18 ins. 
>’hiB tray is perforated with holes about 8 in. diameter, or 
oe constructed of bars placed this distance apart. The 
Hween the clay and the ground is enclosed to prevent 
*e of dust and to keep the material dry, a similar grate', 
V placed at the bottom of the slope, and receives the 
Vhich has failed to pass through the perforations or 
\6 bars. These large pieces of material are either 
by hand, with a hammer, or are passed to a stone- 
iire they are sent to the mill, this breaker being so 
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placed that it delivers tlie material below the tray just described. 
All the pieces less than 3 in. diameter are taken to the mill by 
some form of feeder, or where no such appliance is used they may 
travel l)y gravity down a chute. 

The saving thus effected in wear and tear of machinery and in 
power, .and the increased output obtained, has more than repaid 
the cost of installing this preliminary riddle in those cases where 
it has been used. Its only disadvantage is the space it recjuires. 



to attend to the riddle and breaker. f 

Stom-breakers are made in a variety of forms, butl ;f other 
most suitable for crushing clay lumps is that shown in| 
and made by several firms in this country. It requires ; (fig_ 
little power and attention, and soon saves its cost wj rfofabout 
hard material has to be ground. , nffor dry or 

As the product need not be crushed very smacltjbo correct 
no need for the jaws to be set closely, and conseqjn^ijid by at- 
can be arranged to give a large output if the mak^pf a weight 
suited before such a machine is purchased. The ja*^liiud raising 
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examined occasionally and any wear and tear made good, as the 
machine will waste power if it is out of order. 

A pair of old crushing rolls set 2 in. apart also makes a good 
breaker for materials of medium hardness. 

Mill Feeding Machines. —^Various iirrangements are in success¬ 
ful use for- feeding mills with a dry material, the most advan¬ 
tageous being (a) belt or trough conveyers fitted at the base of a 
slope or hopper, and provided witli some scoop or other, appliance 
which shall prevent their being overloaded (fig. 121). (b) Spiral 



¥ iq . 121.—Haondlc mill-fcoder. 

■ers or worms which rotate and carry the clay forward in 
'^iQuantities and at a definite speed. A number of worms 
’■^irrauged side by side to deliver direct into the mill or 
jiionveyer belt; this latter arrangement being used when 
'I'hin the mill-house is too limited to admit the insertion 
^(iing worms, (c) A pan (similar to that of the grinding 
Hded with one or more scrapers, and rotated, or with 
•Vase (fig. 122), so that the material is withdrawn at a 
Ve which is independent of the manner in which the 
'ijplied. 

l-.these appliances has its advantages and disadvant- 
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ages, and a lengtliy experience with each is neceBsary before a 
satisfactory choice can be made. The author has had but little 
opportunity of working witli the last named (c), and of the ma¬ 
chines in classes (a) and (6) has usually found worm-convey¬ 
ers to bo more accurate and reliable, though somewhat slower 
and requiring rather more power. They have the further ad¬ 
vantage tliat large lumps are not carried forward, though if these 
are of very hard material they may stop the machine or break 
it. If, however, a preliminary crusher is used no danger from 
this source need be anticipated. (Jranted, however, that a 



/ IS the 
fficient, 
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ing his mills with a constant regular supply of material 
not long be at a loss as to the appliance which is most 
for his requirements. 

Grimiing Mills .—All grinding mills for use in thf 


plastic process of brickmaking should be provided with a, 
pulley, or friction clutch, arranged so that the machine g r k 
stopped instantly if necessary. They should also be about 
run independently of the rest of the plant, so that if th|j^”^_ 
shortage of clay they may be run at night, or if too 
is being ground they may be stopped and the poi^'t 

Each evening the mill should be run almost empty, ^ weight 

* jand raising 
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be cleaned out to prevent iron holtp, etc., remaining in tlie 
pan. 

Usually mills of the over-driven type (flg. 12.‘5) are to be pre¬ 
ferred, the machinery iteing more accessible and less liable to 
be clogged witli dust, tliougli the under-driven type (fig. 124) 
should 1)6 used in cases where unusually light runners may be 
employed; this is seldom the case. Mills of the edge-runner 



Fi(i. 123.—Over-driven grindin^^ mill. 

^ith revolving perforated pans, are most suitable for this 
pi brickmakiiig, though those with a fixed bed are much 
•• The perforations should not be too large or the screens 
•overworked and power lost in rogrinding, nor should they 
nail or the output will be too low. 

^ally speaking, the perforationS'(figs. 125 and 1<S3) should 
•s than J in. nor more than in. diameter, the latter 
f arge for most clays, J in. or ^ in. diameter being the 
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Tjest Bizo. Slots are somewhat less satisfactory than circular 
perforations, as the product is coarser and more irregular. 

The arrangement of the perforations on the pan is a matter 
which has received very careful study, particularly on the Con¬ 
tinent, where it is generally considered that the runners should 



Fin. 1’24.—Under-driven s'rindinK mill. 


not jiasH over tlie perforations, )>ut that these should he at either 
side of tlie runner path. An excellent arrangement is for the 
material to pass under one of the. runners, then over aperforated 
]>ortion of the pan, under the second runner and over another 
l>erforated portion, any uncrushed material being then passifi^ . 
under the first runner again for further reduction. ’ 

is the 
siflicient, 
on the 
'K up the 
me it is 
: do not 
t other 

Fro. 12.5.—Slotted perfomtions in grinding pan. ■ 

Where the perforated portions of the pan are 
manganese steel they may occupy the runner path, and *1^7 or 
though coarser output obtained. For fine giinding the correct 
must be on a solid part of the pan whilst it is being *’7 
The pan generally used is 9 ft. or 11 ft. diameter, sni/i;^ ** weight 

i ’and raising 
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being undeeirat)lo. It should revolve at leastithirty times per min¬ 
ute, but must not travel so fast as to throw u]) much dust, though 
this may he retained by judicious damping. The pan is rotated 
by means of a pinion and crown wheel operating on a vertical 
shaft which carries the pan, the rollers being independently 
carried on the side frames of the mill. The lower end of the 
vertical shaft terminates in a footstep bearing, the construction 
of which and its maintanance in good order are very important. 

It should be of bronze metal and work as nearly frictionless 
as possible. This is best effected by running it submerged in 
an oil-reservoir, so that it does not heat or wear under the most 
exacting conditions. The oil-reservoir sliould be fed through a 
pipe connexion locat((d at the outer edge of the pan. A large 
■baseplate undernoath the step should be jirovided to facilitate 
adjustment in all directions. It sTiould scaretdy be necessary 
to point out that the whole of the mill should be strongly con¬ 
structed, as it is subject to sudden aiid severe shocks in use. 
When of large diameter, several loose-running wheels (some¬ 
times called anfi-friction su]iports) may Ije placed underneath tlie 
pan so as to restrain the vibrations when unusually large pieces 
enter the mill. (!are should, however, be taken thal these loose 
wheels do not become clogged with dust, or they may increase 
■ the amount of power rispiired to drive the mill. 

The edge runners or rollers may be all in one ])ie(a' (tig. 126) 
as shown, or they may be provideil with renewable wearing 
O’" runs, caulked on with cement or wedged on with 
j^tden slips (fig. 128). This latter nndhod is ])referable as it 
^bles a renewal of the rims to be, readily effected. 

.jVhen the pan is empty, the runners should not rest oi\ the 
■-j ing plate, but should be Busi>ende.d by powerful springs in 
^a manner that when the material is fed into the pan the 
■joight of the runners comes on to it, because the springs are 
(,ted from following the runners. Should some hard metal 
^tally get into the pan the sjwing buffers will prevent the 
«8 from seriously damaging the jian in bumping over it. 
e runners must bo kept flat on the “tread ” or they will 
•ind properly. They sho\ild be very heavy (from 2 to 5 tons 
■the general tendency being to use those which are rather 
iud the whole machine sho\dd not (for the 9 ft. size) weigh 
3 tons. It will then need 25 to 80 b.h.p. to drive it under 
jonditions. 

•,’unner should be mounted on a separate shaft, the two 
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being bolted together at the centre in sncli a manner that they 
are able to rise and fall, preferably indej)endently of each other. 

Most mills would be improved by greatly lengthening the 
hubs of the runners. If these are too short the runners soon 
lose their uprightness. 

The scrapers used to direct the material under tlie runners 
require occasiomil adjustment. They must have their lower 
edges parallel to tlie pan but not quite touching it. 



Fio. 126.—Mill with solid edge runners. 


IS the 
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■' . do not 

The material which h£,s passed through the perforatio, ‘ 
the pan may bo received on a base plate or in what is terme.qj^tg 
“ open base,” the latter being preferable when there is suftlceofabout 
space available. fordiyor 

In the ordinary pattern of mills (with a base plate) the ui,,, correct 
side of the revolving can is provided with one or more sc^unj by at- 
(fig. 123) which collect the clay as it falls on the base platg a weight 
shown) and push it over or through an opening in the lattand raising 
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then fallB into a “ well ” from which it is raised by a bucket 
elevator. These scrapers, of course, wear away in time, and so 
require regular attention to keep them in proper adjustment. 

In the “ open base ” pattern of mill (fig. 127) scrapers are not 



Fi(i. 127.—Open base grinding mill. 


tssary, and so the friction of the mill is reduced nearly 50 per 
,1 _ This means a very important saving in the power necessary 
living it. In such a mill the material which has passed 
<h,the perforations falls on the inclined face of the founda- 
if-the pit and so passes easily to the elevator. 
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Mills of both types are supplied by the pTincipal makers of 
brick machinery, but James Buchanan & Sons, Liverpool, also' 
supply a pan with conical runners (fig. 128), which they claim 



Fin. 128.—Grinding mill with oonical runnerd. 
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gives a greater efficiency and larger output than the cylindj', £ 

runners. . ■ . 

Tn America, it is not unusual to see t\^o pans geared ton ^ 
j 1 - • 1 u • 1 ■ • ,, .1 tile correct 

and working side by side, one receiving the “residue” or^jij ■ 

ings ” from the screen and the other the clay from the Wj, * 

but both delivering into tln^ same well. This arrangeHj^jjj 
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very useful when liard material is present in the clay, and is now 
used in this country by several fire-clAy and shale grinders. 
Several Swiss and (lormaii firms favour the use of grinding 

mills fitted one 
above the other 
(Buhler’s patent, fig. 
ia9), but in this 
country their use is 
restricted to a few 
firms with unusual 
facilities for de¬ 
livering the clay at 
a liigli level. Usu¬ 
ally the pans in 
Britain work quite 
indejHindently of 
(tach other, a suffi¬ 
cient number being 
used to secure the 
desired output. 
This arrangement is 
advantageous whe>i 
the output of the 
works varies greatly, 
but for a large and 
stea.dy output it is 
more economical in 
bwer to let a rough mill do the first crushing and, after the 
Material from this has been screened, to pass the coarse residue 
a B^nd or even to a third mill. 

id’he use of throe rolls in one piece, with a pan arranged in 
rei, as shown in fig. IhO, is sometimes found valuable. Machines 
ithis type have been much used on the Continent, and were in- 
Educed into this country in 1907 by John Whitehead* Co., Ltd. 
I far they have not become i)opular, though their advantages 
^ftundoubted where a material needs a large amount of crush¬ 
'd." nd mixing. In the machine shown, the material is fed in 
ftSe centre, is crushed by the smallest pair of rolls, passes 
■,i to the next step and is treated by the second pair of rolls, 
’•,iiier falling to the lowest step it is treated by the third pair 
;5, and finally discharged from the machine. Such an ap- 
is more compact than those of the type shown in fig. 129, 




THE STIFF-PLASTIC PROCESS OF BRICKMAKING 191 

but is intended for similar materials. For most brick-clays 
they are not necessary. 

Elevating .—For elevating the ground material from the 
grinding mill to the screen, an elevator may be used, having 
buckets or pockets fastened on to a belt (fig. 131), or to chains. 
The belt elevator is the most used, and has the advantage over 
the chain elevator that it can trfivel at nearly any angle, and 
the contents cannot fall out; but the chain elevator can only go 
almost vertical, because there is nothing between the two chains 
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Fki. 130.—Multiple runner mill. 

to^stop the clay from falling out, though some chain eleva^^ 
are made to awing from the chain so that when going hori.^v 
tally or at an angle the buckets keep the right way up an^^ 
not spill their contents. The elevator must be run at a 
suitable to the screen used. 

The buck(b,eon elevators are generally iron oblong ho?^^ 
arc fastened to the belts by two or three rivets (fig. 132). 
buckets should be shallow, so as to spread the clay on th^^ 
Deep ones arc loss efficient for this purpose. f pro- 

Numeroua small buckets are preferable to fewer l^^j^ 
as they give a more regular feed. 
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Screens, Sieves, or Biddles are 
used for eeparating tlie coarse and 
finer particles of material from 
each other, the former being re¬ 
turned to the mill for further 
treatment. 

Two chief forms of screens are 
in use at present: (a) the station¬ 
ary sloping screen; (i) the revolv¬ 
ing screen. 

Stationary screens consist, usu¬ 
ally, of a sloping tray 4 ft. to G ft. 
in length, and 18 m. or more in 
width, the tray itself being made 
. of wire gauze, perforated sheet 
nudal, or of a number of whes 



I,—B«U Elevator. 


Fio. 132.—Bucket (or raising 
crushed clay. 

iirranged side by side (piano-wire 
screen). 

The wire-gauze screen is the 
oldest, but is seldom very efficient, 
as many particles lodge on the 
cross wires and soon clog uii the 
sieve. At the same time it is 
used by many firms who do not 
know the advantages of other 
forms of screen. 

The perforated steel plate, (fig. 
133), if arranged atanangloof about 
45 degrees, is admirable for dry or 
almost dry materials. The correct 
angle can readily be found by at¬ 
taching a rope carrying a weight 
to the top of'the sergen and raising 
or lowering the screen until the 
distance from the bottom of the 
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screen (a) (fig. 134) is equal to the height of it (6). The perfora¬ 
tions in it may be much larger than the size of the particles to 
be separated, so that the wear and tear is very slight, and in 
most cases no “ rapping ” or vibration is necessary. 

The author has repeatedly found that with dry clay a screen 
with perforations J in. diameter will act precisely the same as a 
revolving screen having 20 holes per linear inch. The mathe¬ 
matical reason for this curious behaviour need not be given 
here; it is interesting, however, .and suggests why some brick- 
makers have failed to appreciate this type of riddle—they have 
used too fine a screen. 

The screen should be fixed at the lower end but hung at the 
upper one with chains so that its angle may be adjusted to suit 
the clay. The sides of the screen should ’be about 9 in. in height. 



Fia, 133.—Perforated 
steel plate. 



and a canvas or sheet-metal cover should be used to prevent 
loss of dust. The upper part of the screen should have a plain 
metal plate (called the “ feed phate ”), attached so that the material 
may spread itself over this before travelling down the screen. 
If necessary one or more “guides,” or baffle plates, may be 
placed above this plate to secure the proper distribution of the 
material. If much dust is produced the screen should be en¬ 
closed in a light wooden casing, or should deliver the clay into 
a special chamber. 

When more difficult material is being treated a modification 
of this screen—“ The Newaygo ”—supplied by T. C. Fawcett, Ltd., 
may be employed (fig. 135). 

This consists of a large sheet of perforated metal, the size of 
the perforations depending on the fineness of the required pro¬ 
duct. This sheet or screen is mounted ^n a frame which is 

13 
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hung by cliaine at a suitable angle, and in sueli a way that the 
screen may be kept vibrating by the blows of a series of hammers 
acting on “ anvils ” on the framework and screen supports. The 
clay is fed into a trough whicli runs along the top of the frame 
and in which runs a spiral conveyiir, so arranged that the clay is 
discharged over a “weir” in a perfectly regular stream over the 
whole width of the screen. 

It will thus be seen that in this arrangement the advantages 
of the perforated sheet are fully recognized, and where baffle 
plates cannot be arranged satisfactorily the use of a special 
trough, spiral and “weir,” will be found ailvantageous in the 
securing of a regular and even feed of clay, indeed, such an 
appliance is usually superior to any arrangement of baffles, 
and the amount of ]>o\.er needed to drive it is too small to be 
worth consideration. 



Fio. 135.—Fftweett’s “ Newaygo ” screen. 


As in other stationary screens, the fine material falls through 
the sieve into a hopper or on to a. receiving floor, and the coarse 
material runs down the screen into a chute and is rtd.uriied to 
the mill. 

Piano-wire screens are made by arranging a number of wues 
parallel to each other, and fastening them with a stretching key 
in a manner identical with that used in pianos. This screen 
was invented by Adam Adams, and the ones of his design, 
8uj)plied by Whittaker & Co., Ltd., consist of a strong frame 
over which the wires are stretched and tensioned at one end 
with screw pegs. The pitch of the wires, which determines 
the mesh, can be varied by the insertion of fresh pitching-bars 
which are detachable from the frame, and the adjustment of 
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tlie wires is thus readily made. As ordinarily used, tlie wires 
supplied for those screens arc too thin, and conBe(iuently hard 
pieces of shale are. apt to eause them to open. By using thicker 
wires this objection may to some extent be ax'oided, though 
these screens are never really suitable for clays containing hard, 
thin pieces of shale or rock-clay. For otlier clays, when not 
overloaded, they are good. 

The standard meshes for]>iano-wire screens vary from H to 'M 
wires per linear inch. 

As with all other riddles, the ])iaiio-wire s(T('en should be. set 
so that the elevators deliver the clay to a spreading-board at tlie 
top of the screen and not directly on to the wires. By using the 
spreading-board the clay is delivered on to the screen constantly, 
and is spread evenly over the entire ssrlaec so that it screens 
more rajiidly. 

lievolvimj Screens were formerly very .]H)]uilar, but have largely 
been reidaced by the iiiano-wire or perforated steel screens. In 
the revolving screens the clay enters at one end, which is elevated, 
and causes the clay to gravitate towards the lower end. As the 
screen revolves, the tine material passes through the mesh of 
the screen, whilst the coarser material passes oat through the 
lower end and is ridurned to the pan for further grinding. 

The screen is usually 4 to S) feet long.with an aviTage of about 
0 ft., and about d ft. in diamete]-. it is generally mounted on a 
timber-frame in simple Ixairings, and should be iirovided with’ 
ample oiling devices. The frame maj' be covered with perforated 
steel plates or with wire-gauze, with any size of opening desired, 
the usual sizes being | in. to J,, in. If the cylinder makes twelve 
revolutions per minute this will usually be sutlicient. I'erforatcd 
metal is seldom satisfactory in a revolving screen. 'I'he frame 
may be cylindrical (tig. BtB), or hexagonal, the latter being chea]>er 
to repair as it enables the gauze to be nailed to six frames, each 
of which can be taken out when needing reiiair, and re])laecd far 
more rapidly than when a cylindrical sievo reipiires iiatidiing. 

Revolving screens must, usually, be fitted with a •‘ra))per” to 
shake the material through the holes. This produces a large 
amount of dust, and necessitates the screen being boxed in if 
effective results are to be obtained. Fixed screens, on the other 
hand, can usually be left uncovered, a mechanical rapper being 
seldom necessary. 

When damp material has to be screened it is often useful to 
have a battery of steam pijies below the screen. Fig. I:t6 shows a 
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croBB-section of a revolving screen, supplied by C. Whittaker & 
Co., Ltd., with this arrangement, and fig. 137 an adaptation of 
it to stationary screens. In each case the steam circulating 
through the iron pipes keeps the sieve warm, and reduces the 
amount of clogging. It is, therefore, especially useful during 
wet weather. 

The screen, of whatever type, must always be fitted in such 
a position that it can readily receive clay from the elevator and 
return any coarse material to tho mills. The chief points re¬ 
quiring attention are that tho runs or chutes shall he as short and 
as steep as possible, l)ut never at a greater angle than 4r) degrees, 
i.e. the height should never be more than the distance along the 
level (see p. 193). They should be closed to prevent loss of dust. 


Fio. 136.-Round revolving screen 

but made so as to bo readily opened in case of stoppage and also 
for facilitating cleaning or repairs. 

STIFF-PLASTIC BRICKMAKING MACHINES. 

The clay is mixed into a stiif-plastic paste by the addition of 
a little water and treatment in a mixer or pug-mill (p. 103) or 
both, and the clay is then made into a clot which is afterwards 
repressed into a brick. 

Several types of machines are used In tho stilf-pl.astic system 
of brickmaking, but nearly all of them first form a clot and then 
repress it. In the most satisfactory ones, the clot is exactly the 
shape of a brick, so that tho repressing merely consolidates it 
but does not in any way alter its shape. A cylindrical clot has 
mechanical advantages in that it can bo rolled from one machine 
to another,, but it can only be used for a limited number of clays 
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owing to the necessity of altering its shape so much in the re¬ 
pressing. 

Each of the machines described has special advantages for 
certain clays; some of these are obvious, others will be discovered 
from the description, and others again can only be appreciated as 



Fra. 137.—Steam-pipes for use below screen. 


the result of experience. Clays vary so much in composition 
and character that a machine may work splendidly in one district, 
and yet give results inferior to another machine when working 
in a different place. Under such conditions, complete compari¬ 
sons of the different machines are practically impossible. 

Three distinct classes of clot-making machines are in use; (a) 
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tliat in vv’hicli the clot is made in dies contained in a round re- 
volvinp: table ; (ft) that in which the die forms part of the circum¬ 
ference of a drum, and (c) that in which sliding dies are used. 
The j)ug-mill may he an integral x>art of the machine, or it may 
he sei)arate, thougli the former has the advantage of enabling 
the mill to press the clay directly into the clot dies. The daily 
outX)ut of t'ach class of machine is 10,000 to 12,000 bricks. 

The chicif prticautions to he ol)served in making stifif-plastic 
bricks are to ensvirc that the dryness ami fiiicnoss of the clay, 
the amount of jnessure in the. ])ug-mill, the consolidation and 
mixing of the clay paste, and in the distril)ution of the pressure 
in the final press, are all sufficient yet not excessive. 

Clay is such a x)ecnliar material that, though it can be made 
into articles of almost uny desired shajx', when once a definite 
sha])e has Ixam given to the plastic mass this shape must not be 
altered if it is desirjilile that the article should retain its full 
strength. On this account th<' clay, as delivered from the pug- 
mill, must not be made into a clot nraterially diflerent in Bhai)e 
from that of the finished brick. Those lirickmakiiig machines 
in which the clot is of a different shape to the finished brick are, 
from this jioint of view, less satisfactory than others, though in 
the case of machines constructed by the best known makers, a 
slight difference in shape is found to I le of little or no consequence. 
Hence, the .argument as to the necessity of retaining the sh.apo 
of the finished clot must not be carried so far as to militate 
against the use, for exami)le, of the Fawcett (hipha machine, or 
Buchan.an’s and Johnson’s machines, in which a clot with a 
slightly rotmded top is jiroduced, though it is quite legitimate 
for the makers of other machines to claim superiority in this 
respect. 

In judging the valiu! of brick-machines a small point like this 
is, however, only one out of many which have to be taken into 
consideration. 

It is inq)ortant that the clay should bo delivered with suf¬ 
ficient rapidity from the pug-mill to the clot-mould to fill it cont- 
])letely and suddenly; if it is filled in stages, as is always the 
case when filled slowly, laminated portions or layers will be pro¬ 
duced, and the bricks will be weaker than they should be. The 
necessary speed of travel can always be given, when not other¬ 
wise obtainable, by the addition of a short length of worm to the 
end of the pug-mill shaft. This addition may necessitate the use 
of an exception.ally long pug-mill or mixer. It is also important 
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when using a vertical pug-mill, to slacken the speed of its rota¬ 
tion when not delivering into the mould, as, otherwisti, a large 
amount of power is wasted by the pressure of the clay against 
the plate in passing iietween the .apertures forming the clot- 
mould. The liners of the clot-mould, and particularly of the 
final press-mould, must bo kept in first-class order and re<iuire 
fre(iuent renewal. Any .attem})t to economize in this direction 
is usually futile, .as it results in the production of defe(dive bricks. 
It is usual for tbe liners of the clot-mould to be simply chilled, 
but this is a mistake from the brickmaker’s point of view. To 
obtain the best results they should be planed so as to get a per¬ 
fectly even and true surface. 

Lubrioatioji must be carefully watcdiod or great loss of i)ower, 
as well as excessive wear and tear, will i^'sult; on the other hand 
too much oil or grease is a nuisance, and is more of a hindrance 
than a help. In some ]>resses, arrangements art^ made for the 
insertion ol automatic lubricators, <'ind these, when properly made 
and adjusted, .are more eciononiical than when oil is a])plied by 
hand. The dropping of oil direct on to the brick or inside the 
die should be avoided ; a i)iecc of felt or .some other absorlamt 
material of a similar nature will ai)]ily the lubricant in as even 
a manner as possible. 

When the clay sticks in the ])ress-box, the common idea, that 
more oil is necessary should not lie accepted until it is found 
that the fault is not due to incorrect stiffness of the clay or to 
the irregular working of the machine. 

Most of the failures in the working of the stiff-plastic system 
are due to the attempts to shorten the process of manufacture, 
by omitting weathering, tempering, or jiugging and drying. Most 
clays are of such a nature that unless they arc treated in one or 
more of these stages they cannot be made into good bricks or 
tiles. It is difficult to say which of these stages is most impor¬ 
tant, for they are all equally necessary in certain cases, and the 
omission of, or part omission of, any one of them may prove vital 
to success. 

When a clay is stored in a soft, plastic condition the distribu¬ 
tion of the water throughout the mass will become even in course 
of time, but in a stiff-plastic mass this distribution is less easily 
effected; and when, .as in most cases, no storage of the mass is 
attempted, there is a strong tendency for the faults due to ir¬ 
regularities in mixing and composition to show themselves in 
the finished .articles. In consequence of all the widely different 
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characteristics of various clays, it follows that no particular 
brickmaking machine can be equally well used for all of them. 

The selection of the best machine for a particular clay should, 
therefore, be made with the aid of competent and disinterested 
advice, based on experience with and knowledge of the clay, of 
various machines, and of certain special tests which must be 
carried out. In the purchasing of brickmaking machines, the 
actual cost price is a matter of much smaller importance than 
is generally supposed, as it will pay the brickmaker far better 
to spend a few more pounds in obtaining a machine which is 
suitable in every way to his needs rather than to purchase 
another machine, on the recommendation of the makers or that 
of a neighbouring brickmaker, without any tests being made; 
especially if he find late^ that the few pounds lie saved in the 
first cost have been spent many times over in lower output, 
more frequent stoppages, or greater repairs than would have 
been the case had the other machine been used. The following 
example will illustrate this more clearly:— 

In a certain part of the Midlands are three brickyards, A. B. 
and C., within close proximity to each other. A. has a strong 
and somewhat sticky, but otherwise good, clay overlying a con¬ 
siderable bed of sand, and finds that the machinery best adapted 
to his needs is that made by D. B. has a drift clay, different 
from the clay’s used by his neighbours. 

C., on the other hand, has a clay that cannot be used without 
much admixture, being more of a loamy character, and finds the 
machinery supplied by B. quite suitable. Some years ago B. 
bought a plant similar to that used by A., but finding it not al¬ 
together satisfactory, and having to extend his works, he installed 
a plant similar to C. and discarded the older one. Having had 
to extend his works still further, B. has now gone into the question 
more carefully, and with the aid of skilled advice has considered 
the whole question in a much more thoroughly technical manner 
than was previously the case. A careful study of the outputs of 
the machines supplied by D. and E. (similar to those used by A. 
and C. respectively) convinced B. that as far as his works were 
concerned he was not getting as much as he should do from the 
power expended. Attempts from the makers of the machinery 
to improve matters not proving satisfactory, B., following the 
suggestions of his independent expert adviser, now employs the 
brickmaking machine by E., in combination with the grinding 
plant supplied some time previously by D. The result is that 
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with the altered machinery B.’e plant is now turning out 15 
per cent more bricks per day than formerly, and these are stronger 
and sounder, as well as of.a better colour. 

As all the machinery in the three cases quoted was of the 
stiflf-plastic type, and by first-class makers, the difference in 
working can only be explained by differences in the clays worked, 
and an examination of these showed that whilst A.’s clay is very 
strong, C.’s clay is very mild, and that used by B. is a boulder-clay 
and consequently requires treatment quite different from th(( 
other two, although it will make bricks of a medium quality 
when treated by the methods used by A. and C. Elated by his 
success, B. soon informed his neighbours of the advantage he had 
gained, and A., having sufficient capital, decided to put in an E. 
machine. The makers warned him thatst was not suitable, and 
suggested the use of another type of machine of their make, but 
A. was so convinced by tlie results produced by B. that, assuming 
all the responsibility, he installed the machine. The result was 
a failure, because A.’s clay required such vigorous treatment that 
it could not be worked up properly in the E. machine. In due 
course C. followed B.’s example, and, though not so satisfactory 
as B., still made better goods than formerly, by a combination of 
machinery from different firms. Yet, inspired by the success 
of B., A. and C. cannot understand their own failures and do not 
attribute them to the true cause, but to the machinery makers. 
The lesson to be learned from these three cases is that owing to 
the diflTerent character of the clays in the same district, it is not 
wise to argue that a machine made by one firm is necessarily 
suitable, because it is used by a neighbouring brickinaker. 

A good machine of the revolving-table typo is shown in fig. 138 
and made by Bradley & Craven, Ltd., who claim to have originated 
this process. It comprises a mixer, a short vertical pug-mill, 
a circular rotary moulding-table, and an eccentric-motion press. 
In operation, the clay is carried forward through the 
mixer (which owing to its position behind the pug-mill is not 
visible in the illustration) to the pug-mill, from whence, one at 
a time, each of the sixteen moulds in the rotary table receives a 
charge of clay. The table remains momentarily stationary while 
a mould is directly under the operation of the pug-mill, a pugged 
brick is, during that time, lifted out of another mould on the 
table and delivered to the press by self-acting gear; this delivery 
motion to the press pushing forward, for removal by the attendant, 
a finished brick. The only manual labour required in the forma- 
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tion of the liricks is for gupplying the crude, freshly dug clay 
either direct to tlic mixer (when its nature permits of this being 
done) or, wIkto previous preparation is necessary, to either rollers 
or to an edge-runner mill (its variety determining the alternative 
method oi treatimuit). The prepared material being fed into the 
mixer by self-acting mechanism, one young lad is all that is 



Kiu. 138.—Htiff-plastic brick maohine with clot-monldsi on rotary table. 

needed to attend to the mixer, and another to remove the 
finished bricks from the ])re.ss to the brick-trucks or barrows. 

The machine is eai)able of producing 10,000 to 12,000 bricks 
per day of ten hours, without the aid of any skilled labour, and 
the bricks are usually hard enough to go direct to the kiln. 

The value of the bricks made by machines of this type 
depends upon the completeness with which the mould in the 
rotary table is filled. If this filling is imperfect the brick will 
bo of little worth, as the edges or corners will bo of a different 
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density and hardness to the rest of the l>rick, and the clot will 
often show a crack along its bottom edge (fig. U19 a). 

Defective filling of the mould is usually due to the employ¬ 
ment of too short a pug-mill, or to the absence of a suHicient 
length of screw or worm on the pug-mill shaft. By increasing 
the size of this worm any desired compression of the clay within 
the mould may be reached, and a completely filled die assuied. 
With some clays the addition of an end piec^e of the shape shown 
in fig. 140 (designed l)y Gilbert T. Smith) is sufliiacnt to effect 
the change shown in fig. 139. 

Coring and cracking may often be i>revente(l by the use of a 
device shown in fig. 141 made by Wootton, Bros., Ltd. 



A. B. 

Fig. 13U.—Clota made with (A) and without (B) end-piece shown in fig. 140. 


Sutcliffe, Speakinan, & Co., Ltd. (fig. 142), claim to have ovei'- 
come the principal cause of cracks and badly filled moulds, by 
arranging the plunger in tht‘ clot-moulder to give a resistance 
to the exit of the clay from the pug-mill into the mould, thus 
keeping the clay column solid, and preventing it curling up or 
breaking as it tends to do when delivered into an em])ty mould. 

Power is also saved by autoTuatically driving the pug-mill 
slower when no mould is being filled. 

M’illiam Johnson & Sons (Leeds), Ltd., make a stiff-plastic 
machine of the revolving drum-type, which comprises a mixer, 
pug-mill, and a six-mould cylinder, as preliminary moulder and 
a press. 







204 


MODEBN BEICKMAKING 


The mixer and the pug-mill are situated on the same level, 
and the functions of mixing and pugging are performed by an ■ 
arrangement of knives fixed on one shaft. The material is de¬ 
livered first to the mixer and carried forward by the knives to 



Fia. 140.—End piece for monld filler. 


the pug-mill, from whence it is fed into one of the moulds placed 
at equal distances in a revolving cylinder, about 18 in. diameter. 
This cylinder remains stationary while the mould is being filled. 
The action of filling the mould automatically discharges a brick 



previously formed from the other end of the drum. As the brick 
issues from the cylinder it is fed by a self-acting arrangement 
right into the mould of the press. The pressed brick is then 
automatically raised out of the press, and is ready to be carried 


Fio. 142.—Stiff-plastic brick machine with variable speed of pug-mill. 
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hopper of tlie uiacliine and ie pugged and carried forward by 
the pug-mill, from wlience it. is compreeeed into one of four 
box-moulds, placed at right angles to one another in a revolving 
cylinder. This cylinder is stationary whilst being charged, and 
tile action of filling the mould automatically discharges the 
brick previously formed. The brick, on issuing from the cylinder, 
is passed forward by a self-acting arrangement into the mould of 
tlui toggle press, and after being subjected to two powerful dis- 



Fki; 144.—Btiff.plastic brick machine with open clot-moulds. 


tinct presst's, is automatically delivered on to a table ready to be 
placed on the barrow or trough ;ind taken direct to the dryer or 
kiln. 

A machine of similar ty])e, but in which the drum is open— 
the clots being moulded in vvluit arc ])ractically spaces between 
the cogs of a large wheel—is shown in fig. 144. The advantages 
of this arrangement are the reduced number of wearing parts of 
the mould jind the simpler manner in which the moulding drum 
(!an be constructed. In this machine, as made by T. C. Fawcett, 
Ltd., the clay falls down ;i chut(> from the screens into a mixer. 
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where a little water is added, and thence into a png-mill. 
After being well pugged it is thrust into a mould in the “ cog 
wheel At the same time as one mould is filled, the clot in 
another is pushed out automatically, and sent under a press 
where it receives its proi)er shape. 

The press is fitted with a hydraulic balance whicli absolutely 
prevents breakages. The amount of driving ))ower recjuired by 
this machine is remarkal)ly low (about (S li.h.p.), and the bricks 
produced under normal conditions are of exeelltmt finish and 
shape, with clean, sharp edges and of great hardness. This 
machine has in fact been in use for some time for the manu- 



Fio. 14.').—“ New Era ” brick machine. 

facture of the highest grades of bricks made l)y the stili-plastie 
process. 

Brickmaking macbincs of the “sliding-die” ty])e are well re¬ 
presented by fig. 142, showing the luachine made by Sutcliffe, 
Speakinan, & Co., Ltd., and by the “ New Era ” machine (fig. 145). 

In the machine shown in fig. 142, the chief features are the 
reduced speed of the pug-mill when not delivering clay into a 
mould, and the rising of the bottom plunger of the mould in 
order to create a resistance to the entering clay, and thereby 
prevent the cracks which are so often noticed in machines 
where no such resistance occurs. The special construction of the 
moulds on the “ economic ” principle (p. 152) facilitates relining. 

The “ New Era ” machine (fig. 145), made by C. Whittaker and 
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Co., Ltd., is the most recent of stiif-plastic machines. In it the 
prepared material is fed into a hopper and is discharged into a 
vertical pug-mill. This pugs the clay and forces it into a clot¬ 
forming mould below. There are two of these moulds formed in 
a sliding block, which brings each mould alternately under the pug. 
As they are alternately filled, so are they alternately discharged. 
There are two presses, and the bricks are fed into first one and 
then the other, one press only being in operation at a time. The 
makers state that the power used for the two presses is no more 
than a machine having a single press, but the time of pressing is 
greater than when a single press is used. The luluication of the 



Fig. 14(i.—Arrangement of plant in utiS-plaetic process. 


moulds and sliding parts is jtrovidod by a simple oil spray, 
obtained by' an air blast from a pressure blower. 

The advantage of sliding-die machines is that the clot has 
a 'fiat top instead of lieing slightly curved as in drum ma¬ 
chines, and the power required to drive them is rather lower 
than in machines having a rotary table. 

A convenient arrangement of the plant for the stifiF-plastic 
process is shown in fig. 146, in whieli (1) represents the grinding 
pan, (2) the elevators, and (3) the brickmaking machine; in 
this instance a Fawcett plant (fig. 144) being shown. 

Repressing .—The ordinary product of a stitf-plastic machine 
can by a little selection be divided into a small proportion of 
facing bricks and a large proportion of common ones, but when 
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-large quantities of facing bricks are required these should be 
made by repressing ordinary stiff-plastic bricks immediately they 
.come from the machine, and drying them more carefully than 
the others so as to secure every possible advantage of form and 
colour, as well-coloured bricks cannot be produced from undried 
bricks without an excessive amount of trouble. Bricks may 
be repressed in any of the machines described as represses on 
pages 139-153, but the ones employing toggle-levers are in many 
ways the ones most satisfactory for this purpose in connexion 
with stiff-plastic bricks. Unlike plastic bricks, those made by 



Fig. 147.—Conveyer belt for carrying bricks to repress or barrow. 


the stiff-plastic systein do not need to be dried previous to re¬ 
pressing, but may be taken direct from the brickmaking machine 
to the repress. It is, therefore, most convenient to arrange the 
repress quite close to the brickmaking machine, so that when 
repressed bricks are required they may be taken .automatically 
from one press to the other, a boy being all that is needed to 
place them in the box of the repress. In most cases the repress 
is supplied by the makers of the brick machine and is attached 
to it. The bricks are then automatically fed into the mould 
and delivered on to the table ready for removal to the drying 
shed or kiln. A slide, or better still a conveyer-belt (fig. 147), of 
sufficient length serves as an excellent bed for holding or con- 

14 
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veyinR the hrieks from one machine to another when there is 
much room Ix^twcen tliem, thousli usually the repress may be 
placed close to the machine, and a hoy standing between them 
lifts the brick from the table of the latter and places it in the 
box of the re])ress. 

The precautions nocessary to lie observed in repressing bricks 
are practically the same as those necessary in pressing a brick 
made from a clot by tin' stiff-plastic process (p. 198). 

Carryinri 0/.—Stiff-plastic bricks are usually carried to the 
dryer or kiln on harrows of a pattern similar to the “ crowding 
barrows ” used for hand-made bricks (figs. 148-149), or on cars 
if tunnel-dryers are used. 



Fio. 148.—“Crowding” barrow. 


It is important, in selecting a harrow, to have one in which 
the relative position of the handles, wheel, find load are correct, 
as, otherwise, the work involved in their use is greatly increased. 
To some extent the height of a man influences those factors, and 
lionsequently when men do not adhere to their own barrows, no 
great difference in the height of the wheelers should be per¬ 
mitted. A few trials with a loaded barrow will soon show the 
correct measurements for a particular man. To secure ease in 
use, the load should be carried by the wheel of the barrow as far 
as possible; in a badly constructed barrow, or in one which does 
not fit the wheeler, too much of the load is on the hands of the 
man between the shafts. To aid the men and increase the speed 
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at which they work, the track i)etween the machine or dryer and 
the kiln should have an iron strip laid for the barrow wheel to run 
on, and the whole track sliould l)e kept in good condition for the 
men to run on. If muddy and sticky the men cannot travel so 
fast. The wheelers should be encouraged to run with the loaded 
barrows; it is easier for them, and more remunerative to their 
employer, flare should also 1)0 taken that each l)arrow i'i filled. 



Fii!. 1-1!).—Barrow with reinforced frame. 

titi solut) luon L-arry too fow Iwicky at a tiioo. A Fawcett ‘‘ counter ” 
will prevent this. It consists of a recorder fixed to a convenient 
wall or post and Connected ))y a chain running in a pipe to a 
baliinco box, containing a system ot balanced levers and placed 
with its lid level with the ground forming a wheeling ])lato, one 
end of which is liiTiged and the oi)posite end connected to the 
levers, which are balanced to the weight of a barrow or wagon 
of bricks. The wagon or ))a7Tow containing the reejuired num- 
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ber of bricks is wheeled over the lid of the balance box, causing 
the chain to operate the recorder, and punch a hole in the 
record disc. The lid then returns to its original position and 
moves the record disc round a certain distance ready for the 
next punching, when the operation is repeated. When a full 
ring of holes has been punched, the punch automatically moves 
a certain distance towards the centre ready for the next ring. 
A full disc is sufficient for 29,000 bricks, counting fifty on a 
barrow. The number of bricks made may be seen at a glance 



Fio. 150.—Counter made by Thos. C. Fawcett, Ltd. 


at, any part of the day. It is impossible for any unauthorized 
person to interfere with the working parts without the tamper¬ 
ing being detected, and it thus forms a positive method of 
counting the bricks. 

Barrows are convenient, but the carrying off is facilitated, 
where there is sufficient room, by employing a short licit running 
horizontally (fig. 147), for taking bricks from the table of the 
press or machine and delivering tliem several feet away to the 
men with the barrows, or a long belt may sometimes bo used to 
deliverithe bricks direct to the drying sheds or kiln. 
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Instead of a belt, two ropes may be driven parallel to each 
other, and bricks on pallet boards laid across these will then be 
carried forward to their destination. This arrangement is especi¬ 
ally useful where the bricks are^taken direct from a cutting table. 
The empty boards are placed on the lower part of the rope and 
a permanent scraper throws them off directly they arrive at the 
machine. 

Where the relative position of the machine or dryer and the 
kiln permits, a bolt or conveyer may advantageously be used in 
setting. One pulley or spool is taken inside the portion of the 
kiln to be set and is slung up by means of a chain attached to 
the roof or, tlnough a pot-hole, to a bar above the kiln. The 
other end is in the dryer or making^ shop. In this way the 
bricks are delivered direct to the setters, just as they are required. 
This method is increasing rapidly in popularity in the United 
States, where it is worked under Scott’s patents. 

Another method, also largely used in America, consists in 
setting the bricks out on a special carrier exactly as they are to 
be placed in the kiln. This carrier is then taken by means of 
an overhead ropeway to the kiln, and by a simple motion the 
bricks are set and the empty carrier returned. For large outputs 
with kilns of the “improved clamp” type, this arrangement is 
good, as it saves handling, but the author has not found it so 
satisfactory in continuous kilns of the Hoffman type. 

Drying .—According to the amount of moisture in the bricks, 
the size of tho solid particles, and the kiln in which firing takes 
place, the bricks may bo taken to a dryer or direct to the kiln. 
In most instances where a continuous kiln of good type with at 
least sixteen chambers is used, the bricks tieed not be dried 
separately, but may bo set in the kiln and the drying allowed to 
take place thcrem. With single kilns, or w;here continuous 
kilns with few chambers are employed, it is usually necessary to 
dry the bricks before setting them in the kiln. Such drying is 
also necessary where the bricks have a strong tendency to scum, 
and where it is difficult to obtain a good colour. 

• Any of the dryers described in Chapter IV as suitable for 
bricks made by the plastic process may bo used, but as stiff- 
plastic bricks contain less moisture they shrink less, and may, 
therefore, be dried more rapidly. Being stronger on account of 
their stiffness, they are specially adapted for treatment in tunnel- 
dryers of the “direct type,” in which the bricks and air travel 
in the same direction and are both heated progressively. 
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Failing a suitable tunnel-dryer, they should bo stacked about 
eight bricks high in a shed with a heated door (p. 156). If 
such a shed has partitions or blinds, so as to separate it into a 
number of tunnels and to enable the temi)erature in each section 
to be regulated so as to suit the bricks in it, the drying will be 
better and more economically carried out than where the usual 
“ open shed ” is used. Ventilation must be provided, but draughts 
on the liricks avoided. 

A simple and cheap dryer of the intermittent form has been 
patented by W. B. Hughes, and consists of skeleton timber 
framing fixed upon a brick curl) with adjustable sides, which, 
when removed, give easy access for taking the bricks on the 
ordinary ofi'-bearing b,wrow. As the sections are filled, the 
lioards forming the sides are put into position and the dryer 
started working. When the bricks are dry the side boards are 
taken out, giving free access for the baiTows. 

The heat is obtained by means of 3 in. cast-iron pipes, to 
which either livb or exhaust steam is connected. A fan is used 
for forcing hot air at any desired tcmi>erature up between 
the already heated cast-iron pipes and througli the goods to be 
dried. Such a dryer is cheap to construct, requires little atten¬ 
tion, and is easily built, but has the disadvantage that the bricks 
must be stacked in it instead of l.)eing left in the cars as in other 
tunnel-dryers. 

The same principle is used extensively in the United States 
in what is known as the Bechtel dryer. The lloor of this dryer 
is in the form of a number of trenebes, the walls of which 
arc suHiciently wide to allow a special barrow (fig. 151) to travel 
along them. After the barrow has been wheeled into position 
the handlesvare raised, and the pallet-boards containing the bricks 
are deposited across the trench and the empty barrow can then 
be wheeled away. The bricks are sot in a series of blades the 
whole length of the dryer, and when one trench is completely 
covered with bricks from end to end they are covered with 
special burlaii coverings (fig. 152), so that as soon as the heated 
air commences to extract the moistiire from the drying bricks, 
instead of it being immediately dissipated into the dryer, this 
hot saturated air is largely retained on the outer surfaces of the 
bricks by means of tiiese coverings, and so long as this state of 
humidity is maintained, the brick dries from the inside outwards, 
the surrounding moisture preventing the hardening of the surfaces 
of the brick and obviating “ checking ”. In other words the out- 



THE STIFF-PLASTIC PEOCESS OF BEICKMAKING 215 

side of the brick dries last. This is an important advantage, 
especially where clays are of a tender nature. A fan is used for 
supplying the hot air to the flues. 

One of the most novel forms of dryer at present in use is 
that worked under A. Scott’s patents, in connexion with a kiln of 
the horizontal draught or archleas continuous type. This system 
is the most radical departure in drying methods yet introduced. 
It boldly does away with not only cars, rails, pallets, and other 
incidental apparatus, but with the dryer itself! 

The system consists of two factors: First a belt conveyer to 



Fifl. 151.—^Bechtel barrow. 


take the bricks from the machine up to and into the kilns; 
second, the drying of the bricks in the kiln after they are set. 
The system is, of course, specially adapted to tlie handling of 
“ stiff-plastic ” and “ semi-dry ” bricks. For bricks made by the 
plastic process it is not advautagoous. The main conveyer takes 
the place of the ordinary off-bearing belt of the brick machine. It 
receives the bricks from the cutting talde and carries them down 
the yard under a shed ))itilt along in front of the lino of kilns. 
When the bricks an'ive on this belt opposite the kiln into which 
they are to l>e set, they are transferred, by a man stationed at this 
junction ])oint, to another belt which extends through the kiln. 












:2i6 


MODESN BKICKMAKING 









the stiff-plastic process of brickmaking 21.7 

ThiB work of transferring is accomplished by one man, who can 
handle from 60,000 to 70,000 bricks daily. The cross-conveyer, 
as this second belt is called, carries the bricks into the kiln at 
any height desired to ensure the efficiency of the setting. The 
bricks are generally set from six to eight high. When the en¬ 
tire kiln floor has been set to this height the cross-conveyer is 
raised to the proper height for the next setting, and the setters 
proceed to another kiln or chamber to continue the operation, 
while these eight courses of brick are being dried. The object 
being to dry these sufficiently for the next twelve hours to sup¬ 
port the setting of the next eight courses. When these are dried 
the next tier is set and that again dried, the operation being 
repeated until the entire kiln is filled and ready for burning. 
The burning is carried on in the usual nnanner. It is claimed 
that when the top tier of bricks is dry, the bottom course is as 
hot as the heated air will make it, and the kiln is in a perfect 
condition to start firing without water-smoking. 

The drying of the bricks in the kiln is accomplished chiefly 
by the application of waste heat. It is maintained that the 
saving on fuel and labour costs amounts to about 28. 6d. per 
1000, due to the fact that the bricks are drier than those turned 
out from the ordinary dryer, and that the kiln is hot when the 
fires are started, so that the water-smoking cost is reduced to a 
minimum. The method requires considerable adaptation before 
it can be used for most British yards. In the United States, 
where it is chiefly used, large kilns with open tops (“ scove kilns ”) 
are chiefly used for common bricks, and for these this system 
is excellent. 

Kilns. Bricks made by the stiff-plastic process may be fired 
in single or continuous kilns, the lattor having the advantage of 
using less fuel, and at the same time giving bricks of equally 
good colour if properly constructed and managed. 

Of the single kilns, the “down-draught” and “Newcastle” 
types axe usually best, but others are used to the satisfaction of 
various brickmakers. 

Where the output is large, a continuous kiln is undoubtedly 
the most suitable, as if properly designed for the purpose it can 
receive the bricks direct from the machine and dispense with a 
dryer. Where only common bricks (with or without a small 
proportion of facings) are to be made, a continuous or semi-con¬ 
tinuous kiln should be used. Those are described in Chapter 
VIII. 
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The preliminary heating of bricks made by the stiff-plastic 
process should bo efFeeted with special care. If this precaution 
is duly observed, the firing of bricks made in this manner pre¬ 
sents no difficulties not met with in other methods of brick¬ 
making. 



OHAPTBR VJ. 

THE SEMI-DRY OR SEMI-PLASTIC PROCESS OF BRICK¬ 
MAKING. 

In the semi-dry or s<‘mi-]>laBtic process tiio clay is used in its 
natural condition, no \veatherin}{ or other treatment being used 
(except in special (uises) to develop the lilasticity. Both terms 
“semi-dry’’ and “ semi-plastic ” are used for the same process, 
tlmiigh the I'ormer is better and clearer, as well as less likcdy 
to be e.onfused with the “ stiff-])lastic ” jirocess in which a small 
amount of water is needed. The semi-dry process has tlu^ 
advantage of remarkable cheapness in working, as the bricks 
can be sent direct to the kiln, but it is not so popular now as for¬ 
merly, because of the introduction of the stilf-plastic systtun, and 
of the greater ease, with which the stifl’-plastic bricks are sold 
to builders. 

Owing to the dryness of the material, tln^ semi-dry jn’ocess 
can be used in many instances where other processcis are not so 
suitable, but the bricks produced from this material are seldom 
so satisfactory ns those made from more plastic clays. The 
greater cheapness of |>roducing semi-dry bricks is very much in 
their favour in (iortain districts (notably in the neighbourhoods 
of Peterborough and Accrington) and this pnx^ess will, therefore, 
hold its own in some localities for a (ionsiderable time to come; 
indeed, for the special clays found in certain y)artB of Lancashire 
(Accrington), and near Flotton (Peterborough), it is diflicnlt to 
conceive a process by which bricks of saleable quality can be 
produced more cheaply than when made by the semi-dry i)rocese. 

The most suitable clays for the semi-dry process are those of 
a lean or open character; highly plastic-clays cannot be used, 
and several attempts to employ tluun have, only resulted in 
failure, as they require more thorough treatment than is possible 
when they are worked up in a semi-dry state. The ide !il.cl.ayior 
the^mi-dry j'roce.ss is one. which, when ground, balls together 
when squeeiied in tlie hand vyithout losing its shape when tho 
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pressure wrerngved and yet whioh does not feel sticky or plastic. 
ITmust also contain sufBcient flux to bind the particles together 
into good bricks when fired at a reasonable temperature. The 
clay must be free from gross impurities, and if not regular 
in composition, some arrangement must be made for mixing it 
thoroughly, as irregularities in this respect will cause failures 
which it is often difficult to trace to their source. Many shales 
are capable of being efficiently worked by this process. 

The use of semi-dry process machines has been pushed 
vigorously during recent years, but it would be unwise to install 
them on new and untried clays unless precisely similar materi¬ 
als had been successfully worked by this system, or unless the 
brickmaker is willing to experiment on a very large scale, as 
this is one of the most difficult of briekmaking processes to put 
into satisfactory operation, and the most prominent users of it 
have only attained their success as the result of incessant labour 
of a highly skilled character. 

In the semi.-dry or serai-plastic process of brickmaking the 
clay is dug from the pit, sent in wagons to a grinding mill of 
the edge-runner type, and the ground material is subjected to 
the action of powerful presses, which form it into bricks. These 
bricks are taken direct to the kiln. 

The following is the arrangement of plant used by the London 
Brick Co., Ltd., of Fletton, Peterf>orough, one of the largest 
manufacturers of bricks by this process:— 

Early investigations having proved the necessity of mixing 
the different strata (including an oily shale) found in the Fletton 
bed, steam navvies are used to take a scrape right up the whole 
face of clay and ensure a good proportion of each stratum. As 
in this district the topmost layer of earth (or “ callow ”) is not 
suitable for treatment, it is removed by a preliminary steam 
navvy and taken along a belt conveyer to a place whore it may 
conveniently be deposited. 

The steam navvies used for obtaining clay in this manner 
are of the type shown in fig. 153, and are so constructed 
that when the bucket or grab is filled with clay it is swung 
round, and after opening a door at the back of the bucket, its 
contents are discharged into a wagon. The bucket is provided 
with steel claws which break up the ground, and about 1 cub. yd. 
of material is obtained at each stroke of the machine. With 
such an appliance, and working under favourable conditions, it 
is easily possible to cut up a face of clay and load it into wagons 
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at a cost of about twopence per cub. yd. Ab the wagons are filled 
they are hauled by an endless chain to the mills. 

For the most part the grinding is carried out in edge-runner 
mills, though in a few cases disintegrators and stone-breakers' 
have been used, but these do not, on the whole, produce the de¬ 
sired results. The most suitable mills are those of the revolv¬ 
ing dry pan type (p. 183), as the material must be reduced to 
a fine powder. 



Fi(i. 1.53.—steam navvy (Kuston-Proctor & Co.). 


The crushed material is next taken to the screens by spiral 
■conveyers (figs. 154 and 156) which assist in mixing it thoroughly, 
though other forms of conveyers may .be substituted, provided that 
a special dry mixer is included at a later stage. 

The screens used by the London Brick Co. are of the 
“piano-wire" type (p. 194), this having been invented by 
their manager, Mr. A. Adams ; but some other firms have found 
perforated steel plates to be more efficient. This is clearly a 
matter for each brickniaker to decide for himself, as so much 
depends on the nature of the material used. Tlie objection to 
j)iano-wire screens as ordinarily sui)plied is that the larger por-. 
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tiong of material are apt to lodge between the wires, parting 
them and making the Bcreons ineffective. This may be over¬ 
come by using two soreens, providing the material is not too 
lamellar in structure. 

The material which passes through the screens is received in 
a hopper or on to a floor, from whence it passes down a chute to 
the machines; but the material which is too large to pass the 
screen is sent down another chute to the grinding mill for further 
treatment. 

The screened dust must possess sufficient dampness before it 



is allowed to pass into the brickmaking machine. It should Ite 
able to bo jiressed l.iy the hand into a ball; if too dry it will not 
hold together, and will necessitate the addition of water to the 
clay in the grinding mill or mixer. In some cases enough water 
may be present in the clay, though very unevenly distributed, 
so that some parts are dry and will not hold together, the mate¬ 
rial must then be passed through extra mixing machinery. 

In the brickmaking machine, the material is pressed into a 
block and, if desired, repressed and sent to the kiln. The 
London Brick Co., Ltd., have found that four distinct pressures 
are necessary to obtain the best results. 

The presses employed by the London Brick Co. arc made 
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by C. Whittaker & 
Co., Ltd., illustrated 
in tip;. 156. The 
ground material 
from the mill and 
mixers is fed into 
the hopi>er of this 
machine, and thence 
by means of a slid¬ 
ing box into the first 
mould. The amount 
of material received 
in the mould can be 
regulated instantly, 
so that as the dani]>- 
ness of the material 
varies from time to 
time more or less 
clay can be. taken 
into the mould. The 
brick, after having 
two pressures put on 
to it, is automati¬ 
cally fed into the 
second mouhl and 
there, it is pressed 
twice more ; thus it 
is subjected to four 
distimd pressures, 
iiac.b lu'cssure being 
about no tons. This 
machine has an out¬ 
put of 5000 to 6000 
bricks per day, ami, 
according to the 
makers, retp tires 5 
h.]). to drive it. It 
should be. noted that 
in this machine no 
oil is used to lubri¬ 
cate the moulds. 

After leaving this 



machine the bricks tire taken straight to 


''orm of spiral conveyer. 
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the kiln, which, in the case of the London Brick Co., is a con¬ 
tinuous one of exceptional size and designed in a special man¬ 
ner rendered necessary by the proportion of oil and other 
combustible matter in the clay used. This kiln (known as 
the “ English ”) is described in Chapter VIII. 



Flu. 166.—Semi-dry prooess brick machine. 


The London Brick Co. lay much emphasis upon and attribute 
much of their success to the use of (1) steam navvies which, 
they claim, can secure an admixture of the material which is 
far more thorough than is possible in hand digging ; (2) spiral or 
other mixers to incorporate thoroughly the crushed material; 
(3) pressing each brick four times, and (4) efficient and economi¬ 
cal burning. 
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It is undoubtedly true that the cratiked faces, liability to 
spall, and other defects of many bricks made by the semi-plastic 
process is duo to an insufficient recognition of the importance 
of the material being thoroughly homogeneous and sufficiently 
pressed. 

Machines for making bricks by the semi-dry process are also 
supplied by other firms. The arrangement of plant shown in 
fig. 157 has l)een used successfully in several instances liy Thos. 
C. Fawcett, Ltd. 

In this plant the material is ground in an open base revolving 
pan mill (p. 188), and taken by a Imcket elevator to a “ Neway- 
ago ” (p. 194) or other suitable screen. The finer jtortioiis of 
material are tlien passed through a double differential mixer 
similar to that shown in fig. 158 where v,der is added (if neces¬ 
sary) to bring tlie niaterial to tlie )>roper consistency. The 
juixture is then delivered to the iiress shown in fig. 159, whitdi is 
in many respects similar to the Fawcett du 7 >lex jiress used for 
the stiff-plastic process. In this niacbine the dant]i powder is 
rammed into a clot in opcm-ended moulds forming the cogs of 
a siiecial wheel, and each clot is in tuni fed into the box of a 
toggle-lever press where it rec(>.ives two distinct jwessures. This 
produces a brick whicli is, in most cases, sufficiently dense and 
ready to set directly into the kiln. 

For best facing bricks, liowever, the use of a re]iress (fig. ](>0) 
is desirable, particularly if this has an attachment for regulating 
the thickness of each brick. 

Such a plant as this has an output of 10,000 bricks per day 
and recpiires 20 to 25 b.h.]>. to drive it under normal conditions. 

The machine made by ltd. Scholefield is identical in principle 
with the Fawcett plant, but differs in several important details. 
Thus, the moulds have closed instead of opoi ends, and instead 
of an arm pushing the clot out of the press wheel, or drum, 
in the Scholefield machine it is pushed out by the filling of 
the opj)osite portion of the drum proi>aratory to making a now 
clot. This “ Sanspareil ” machine is shown in fig. 161. 

The efficiency of the machine has recently been enhanced by 
the introduction of an adjustable feed, which, without stopping 
the machine, can be regulated to feed a greater or lesser (piantity 
of clay into the moulding cylmder, thus preventing an excessive 
escape of clay and consequent loss of driving power and assur¬ 
ing a full feed. 

The centre and bottom joint of the toggles are of special 

15 
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design in the form of “ knueklos ” dispensing with the usual 
joint (which is formed by a pin or shaft passing through 
holes bored in the respective ends of the toggles. These 
“knuckles,” which are easily adjustable, have extra large wear¬ 
ing surfaces, are machined to fit the steel cups or sockets, 
bored out to receive them, and arc also arranged in such a 
manner that it is equally simple to subject the brick to two 
exactly e(pial pressures, or to a. heavy first j)resBure and a second 



Pi(i. 15!).—Semi-dry proceSB bricli machine. 


light pressure, or to a light first (iressure and a heavy second 
liressure, with one revolution of the crank-shaft. After the first 
pressure has been brought to bear upon the brick, it is released 
for a short space, after which the second or final pressure is 
applied, and the brick is automatically discharged from the press 
mould on to the delivery table. The thickness of the repressed 
brick can be regulated accurately by means of a “ folding 
wedge ” adjustable pressure block, without stopping the machine. 

Wm. Johnson & Sons, Ltd., Leeds, have for a number of years 
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manufactured the semi-dry press shown in fig. 162. The 
powdered material is fed into a hopper, which is part of the 



Fi«. 160.—Eepress for semi-dry bricks. 


machine, underneath which ijasses a charger, and in doing so 
becomes filled with ground clay. After this the charger passes 
over the mould, drops the material into the latter, and then 
returns to the hoi>por for a fresh charge of clay. During this 
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time the brick is pressed in the mould by a descending plunger 
and also an ascending one underneath, these being operated by 
a powerful cam and anti-friction roller so that the brick receives 
the pressure simultaneously both from the top and bottom. 
This ensures a uniform pressure over the whole brick. The 
pressure can be varied in a very simple manner by the attendant, 
who also loads the bricks on to a barrow or cars ready for removal 
to the kiln. 

This macliine has a daily output of 700(1 liricks and, on the 
maker’s statement, needs about 6 h.p. for driving it. 



Fifi. IBl.—“ Sansparcil ” briok machine. 


The Stanley patent semi-dry dust machine is made by the 
Nuneaton Engineering Co., Jjtd., and shown in fig. ]6;i This 
machine is altogether different from the types mentioned above. 
The dust is fed from a reciprocating charger in the usual way, 
but the pressure is applied by means of shaped cams working on 
rollers fitted with cross heads, carrying on their lower sides 
plungers which fit into dies. Pressure is gradually applied and 
during the process is slightly relieved, allowing the escape of air 
and the equal expansion of the clay dust in the die. At the 
finish of the pressing stage the top plungers and dies are forced 
dowii'on to the stationary bottom plungers, regulated to a'greater 
or lesser degree as required. This simple action gives the bottom. 
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162.-John.on’B press for semi-dry process. 



















232 


M()1)?;RN BHICKMAKINCi 


bricks to the front, piviiig ample time for the attendant to remove 
them. 

The advantafie of receiving such a second pressure on the 

lower part of the brick is 
very great. Machines 
which only give a single 
ilirect pressure usually 
leave the centre of the 
brick coarse and weak. 
The extra movement of 
the Stanley inacliine ]>re- 
vents this weakness. 

Tlic (day is kept in 
motion when under pres¬ 
sure, and tln^ contact with 
the sides of the mould 
causes the sides of the 
I rick to be thoroughly 
smootlied and free from 
signs of granulation, 
though whetlier granula- 
Fio. 183.—Htanley preBB for semi-dry bricks. jg really removed or 

only covered over is a moot point with some clays. 

In its latest form the ma(diine is fitted witli two die boxes and 
idungers so as to make two bricks at once, and with lifting fingers 
which raise the brick and carry it forward to the delivery table, 
where it is jdaced down gently and tln^ fingers travel back to re¬ 
ceive a second brick. This aiTangement preserves tlie arrises 
from the damage whi(di is imudtable when the bricks are puslied 
along to the delivery table. 

The machin.e is also fitted with a special charging appliance 
.which takes the form of a false bottom in tlu> feed box which 
supplies the clay to the die. In the ordinary form of feed there 
is an unavoidable temhmey to produce bricks with one soft end. 
owing to the manner in which tlie clay is fed into the die. In 
the new arrangement the false liottom is closed until tlio box it 
completely over the die, when it opens from the centre outwards, 
fills the die with the dust, closes and carries the box out of the way 
of the descending ]dunger. 

Amongst other machines using cam rollers may be mentioneci 
the “ Platt ” machine (figs. 164 and 165), which has a falling crosf 
head carrying the i)istou and gives a hammer-likf! action to the 
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material under pressure, through the head dropping twice in each 
revolution. The first drop displaces the air, which escapes when 
the cross head is raised, and the second drop, followed by the 
enormous pressure of both upper and lower cams, produces a very 



Fid. 1(>4.—ritttt Bros, ife Co., Iitd., press (front view). 


dense luick. An air-cylinder is jdacetl at the ujiper part of the 
press to regulate the speed of the falling plungers. 

A press of an entirely difl'erent type is the “Bin])eror ” made 
by Sutcliffe, Speakman & Oo., Ltd. (fig. J 66). Though primarily 
designed for materials diu’oid of ])lasticity, this press is well suited 
for some clays worked in a dry or semi-dry state. 
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It congistB of a horizontal, rotating table containing the moulds 



Fio. 16.1—Platt BroB. & Co., Ltd,, 
press (side view). 


arranged singly or in pairs, and, 
depending on the size, there are 
from six to, eight pairs of 
moulds. The table is rotated 
in such a manner that whilst 
one pair is receiving the charge 
of material to be pressed, an¬ 
other is under pressure and a 
third is over the discharge ram. 
The feeding is quite automatic, 
being effected by means of a 
circular pan in which revolves 
a series of stirrers which pre¬ 
vent the material choking, and 
ensure a regular and constant 
feed. The (juantity of material 
fed into the moulds is regulated 
by means of a hand wheel, and, 
as this can be turned whilst the 
machine is in motion, the pres¬ 
sure can be regulated at will. 
The pressing mechanism is of 
the toggle and knee type, and 
the distribution of the pressure 



P'in. 166.—“ Emperor ” proBs. 

is BO effected that massive steel bolts take all the greater strains 
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of the framework. Ample adjustmeiitg are made for taking up 
wear and tear. The moulds are on the “ economic ” principle 
(p. 152) and are easily relined, as in putting in new liners no fitting 
or adjusting is required. Each set of liners can be reversed, giv- 
ing two wearing faces. 



Fin. 167.—Action of “ Emperor ” press. 

This press can bo rnilde to give a top and liottom equal and 
.imultaneous pressure, or to give a bottom pressure only, or a 
[uadruple pressure, the final jiressure being greater than the 
irst. 

A patent exiiression attaclnnent (fig. 167) operates by giving 
ach brick two pressings, the first squeezes and presses the 
aaterial from tlie centre into the corners and arrises, the final 
■resBure finishes the brick. By these means each brick is of even 
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(lensity tlirougliout, with fine sharp corners and arrises. In fig 
167 “ A ” allows tlie uumld receiving the first preliminary pressure 
and “ B ” the final pressure. 

When used for hrichuiakiug the goods are delivered on the 
tahle for removal liy the attendant, and are not pushed from the 
moulds, as in presses of the vertical tyjie, but an automatic 
pusher-oft'can be attached to the machine to deliver the bricks 
on to a travelling band if desired. 

This machine has a maximum output from 1000 (single type) 
to 2400 (duplex tyjie) bricks per hour. The power recjuired to 
operate it is from 5 to 12 h.]). It works smoothly and easily, 
and owing to ])owerlul sjirings shown in the illustration, it is 
evenly balanced. These springs arc not for relieving the jiressure, 
but meri'ly to balance the heavy pressing mechanism and, if 
desired, the machine can be run without them. 

'I’he “ Emperor ” jircss has deservedly made a great reputation 
for itself for working all kinds and qualities of non-plastic or 
slightly plastic material, including ores of all descriptions, arti¬ 
ficial fuels and sands, iron and steel slags, destructor clinker, 
coral rock, puzzolana, and cement mixtures as well as clay. 

tiej/remny .—As the solidity of the unfired bricks is chiefly due 
to the pressure to which they have been subject, it is important 
that this should be suflicient, and whilst some firms jirefer to 
press the bricks only once, a second pressing should not be 
omitted where the best and strongest bricks are required. As 
alrc'ady stated, the best machines subject the bricks automatically 
to two or more pressings, thereliy avoiding the necessity of 
rcjiressing. 

Transport.—In most instances jiressed bricks are taken on 
crowding barrows (fig. 148), and are wheeled along iron strips to 
the kiln. In a few works they are loaded on to double deck cars 
(p. 171) and taken along rails, turn-tables, and jiortable rails 
inside the kiln. 

Kilns .—Any good type of kiln may be used, but as the semi- 
dry method is chiefly used for large oirtputs, some form of con¬ 
tinuous kiln is to be jireferred. Details of these will be found 
in Chapter VIII. 

Difficulties in Worhimj. The difficulties met with in working 
clays liy the semi-dry method are similar to those met with in 
working the stiff-plastic process, but the weakness caused by 
lamination is much more frequent; indeed, it is the groat bug¬ 
bear of the maker of this kind of brick. 
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Lamination is recognized by the j>roductiou of thin layers of 
material, easily visible when a brick is broken, which cause the 
brick to sj)lit off or spall in certain directions. It is not often 
due to insufficient pressure, but may be caused by excessive 
pressure if this is applied at the wrong time. 

In many instances the cause of lamination is very obscure, 
but insufficient treatment of the material is a prominent factor, 
especially if the clay is obtained dry and is damped and im¬ 
perfectly mixed later. This produces portions of material 
in which the plasticity is strongly developed, whilst in otlnu's it 
is scarcely develo])ed at all, and lamination consequently re¬ 
sults. One brickinaker of the author’s acquaintance has com¬ 
pared it to the use of Hour in preparing pufi'-pastry. “ The dough 
is rolled out into thin pieces, and sprinklqfi with Hour and then 
rolled again. On placing in the oven, the dry dour causes the 
plastic layers of dough to part from each other, and the laniinateil 
character of pufl-i)astry is thereby obtained.” 

The manner in which the jiressure is apiilied is very im¬ 
portant for, as pointed out by Lovejoy, it is important to remember 
that on any machine in udiich the j)hingers a])pTOach each otlier 
and squeeze, the clay toward the centre of the mould, the laiek 
will show a comi>arative granulation on this centre jdain', due 
to a lack of density, (juite iioticeabh* even at some distance. “If 
the ]>ressure is all from the top, the granulation will lie at the 
bottom, and its ])OBition will doi)on<l vipon the relative degree of 
motion of the two plungers. This granulation is often attributed 
to included air, and all machine manufacturers provide for its 
escape, either through air holes in the ])lunger plates or by re¬ 
leasing the pressure before the final pressure is ap])lied. But, 
admitting the efl’ect of the included air and the desiraliility of 
allowing it to escape, it is not sufficient to account for the 
granulated surfaces obtained in practice. 

“ Dry or semi-dry clay will not How under pressure. If a tul)e 
punctured with holes from top to bottom to allow the escape of 
the included air be filled with dry clay, and ])roB8uro l)e applied 
at the top, a column of clay is obtained decreasing in density 
from top to bottom, due to the friction against the walls of the 
tube and the immobility of the clay. 

“ In a press with roller cam motion the clay is most compressed 
at the top, and least at bottom during the downward stroke, 
with the reverse during the upward stroke. The loosely packed 
clay in the bottom offers little resistance to being forced down- 
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ward in the mould, whilst the densely packed top offers great 
resistance to being forced upward during the upward stroke, to 
the advantage of the bottom of the brick in density. From a 
scientific standpoint it would be absurd to assert that the total 
pressure received by the top of the brick is equal to that re¬ 
ceived by the bottom, and that each is equal to that at the 
centre of the brick. In practice, however, one notices no dif¬ 
ference, and the brick is, to all intents and'purposes, uniform in 
density from top to bottom. 

“The later toggle machines recognize the probability of this 
difference in the top and bottom and provide for it by an ar¬ 
rangement which, in a measure, reverses the motion at any 
point in the stroke. Tlie claim has been made that the motion 
of the Ijrick undcT pressure in the mould does not remove the 
granulated centres but simply glosses them over, and this claim 
is reasonable, suice thc'centres arennly removed through friction 
against the sides of the mould. In practice it is difficult to 
recognize any difference in density throughout the brick, but 
from a theoretical standpoint it is difficult to believe that the 
effect of the friction against the sides of the mould will extend to 
the (iontre of the brick with a material so irresponsive to pressure 
as dry clay. It is most ytrobiible that the internal core of the 
brick will have less density than the faces. 

“ If these differences exist they are too slight to be noticed in 
practice, but they may account for some trouble in drying and 
burning such a body as semi-dry clay, in which the bonding 
element is not developed as in the plastic process.” 

Scum is particularly troublesome in some clays used in the 
semi-dry process, and the use of barium carbonate is impractic¬ 
able owing to the small amount of water used. Some advantage 
may be gained by using barium chloride, but great care is 
necessary to avoid an excess of this material, or the remedy may 
prove worse than the disease. 

Drying Troubles. —Although, by sending bricks made by the 
semi-dry process direct to the kiln, the drying process with all 
its troubles is apparently elirainatod, it is found in practice 
that “ semi-dry ” bricks need as careful drying as any others, 
the only difference being that it is carried out in the kiln 
instead of in separate dryers. The reason is that in “plastic” 
bricks the plasticity of the clay is fully developed and the 
granular particles are cemented together, but in the semi-dry 
clay the bond is largely mechanical. The colloid properties are 
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not developed, and, if the particles are connected at all, it must 
be with dust, and at best imperfectly. When the pressure is 
applied the particles are forced together and into each other, 
and held there by interlocking, assisted, of course, by whatever 
colloid properties may have been developed. The dust fills 
the interstices under various degrees of pressure according to its 
amount, and the protection it has received in the interlocking 
of the particles and the opportunity for the escape of the air 
during the final pressure. The air, in its escape, may play the 
further role of sweeping clean the points of contact of the inter¬ 
locking particles. 

Bricks hold together by such a doubtful primary bond must 
be very carefully dried in the kiln from throe to twelve days, 
and in some cases (as with large blocks) Jwo and three weeks are 
required. It is more a sweating process' than a drying one, so 
slowly is tile nioisturt^ taken oft'. Rapid drying would loosen 
the particles, which would not reunite in burning, and the re¬ 
sult would be a rotten brick. 

It is seldom luactical to vitrify dry-pressed bricks, as the 
finer state of division of the material in bricks made by the 
plastic process is sufficient to 0 . 111)^111 the more ready fusibility 
of the matrix, but in the dry process the contact of the particles 
alone forms the bond. The. shrinkage is comparatively little, and 
is not due in any marked dt'grec to the lino material. 

As Ellis Lovejoy states; “ In the one case the matrix fuses 
and eontracts, carrying with it at all stages the larger particles, 
and imporviousness is attained with its fusion. In the other, 
the fine material may fuse and collect in the bottom of the cells 
formed by the larger particles, running into and around the 
points of contact, cementing them together into a permanent 
bond but only partially filling the cells, and imperviousness can 
only Ije effected by the softening of the cell-walis themselves, and 
the closing in upon the fused fine material contained therein.” 

An impervious brick made by the plastic process has a stony 
structure, while an impervious dry-press brick tends towards a 
glassy one. 

Moulds mul Arrises. —Bemi-dry clay has a strong grinding 
action on the moulds or dies, and these must be kept in good 
order or the bricks will have bad edges. With badly worn dies 
there would be no pressure around the edges and at the corners, 
and without pressure there would be no primary bond, and the 
edges and corners would oruniblo off in handling, either before 
or after burning. 



CIIAPTEK VII. 

THE DRY OR DUST PROCESS. 

Not’WIThstakding the many eomplaintfi which have been pub¬ 
lished l)y clayworkcrs who have Ijeen unsuccessful in producing 
a really sound brick in the “dry ” way, this method is in great 
favour in different parts,of the world, especially on the flontiuent, 
where the presence, of enormous deymsits of secondary clays, 
which are very dilliciilt to work by more ])lastic methods, makes 
the problems confronting the clayworker more acute than they 
are here. 

It must be obvious to all ymictical clayworkers that a highly 
plastic clay is not suited for working in a dry state, and that 
attempts to treat it in this way will most jirobably end in failure, 
though a few cases'are known where satisfactory goods are being 
produced by mixing such clays with a large proportion of non- 
])lastic mat.erial of somewhat coarse grain. As a general rule, 
therefore, the elays which are suitable for dry treatment are 
those of the secondary and shale classes, but other substances 
which are jiot of a truly argillaceous nature, such as steatite, 
lime-sand, or even concrete, may be treated satisfactorily in this 
way. The great essential appears to be that the material to be 
pressed shall have sufficient binding power, and yet shall be free 
from the stickiness inevitably associated with plastic materials 
in which the plasticity has not been fully developed. 

The composition of the materials used will be found to bo of 
minor importance as far as the actual prodindion is concerned, 
though it must bo considered in a study of the uses of finished 
goods. It is the physical, rather than the chemical, composition 
and nature of the clay which determines whether it can be 
satisfactorily worked in the dry way, or whether an admixture 
of water previous to pressing is necessary. 

There are two reasons why the dry process of brickmaking 
appeals to brickmakers: First, the lessened cost of making, owing 
to the absence of all drying either in the kilns or in special yards 
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or shede, and, second, the reduction in the number of cracked 
and split bricks as compared with the products of many yards 
working a plastic or stifif-plastic method. 

Very coarse materials do not lend themselves readily to this 
method of manufacture, as a certain proportion of fine dust 
must be present to give solidity and strength. 

An important point in the manufacture of dry-pressed goods 
is to have the material really dry, as otherwise its water content 
is apt to be, unevenly distributed and a mixture is used which 
will crack in the kiln. On this account it is often necessary to 
dry the material before or after grinding. 

Lamination requires far more attention than has hitherto 
been given to it if this really serious defect is to lie removed. It 
is due in many cases to defective design in tho presses, and to 
the inclusion of air between the particles. Almost all dry-presses 
at present in use cause a, certain amount of lamination, though 
it is often too insignificant in extent to warrant any special 
comment. Its cause is obscure, but apparently the absence of 
lubrication, such as is sujiplied by the water in plastic clay, 
tends to ]>erinit tho dry particles to move to different extents 
in different directions, instead of regularly, as in the more mo¬ 
bile, plastic clay. Lamination is especially marked in slightly 
moistened clays, in which some of the particles are dryer than 
others (see ]>. g.‘f7). 

Dry-pressed bricks with sharp arrises, and which are perfectly 
sound, are difficult to produce when the moulds are worn, and as 
they leave the mould less rapidly and wear it more quickly than 
a well-oiled plastic brick, this is a matter of some importance, 
and one which must be fully considered when proposing to lay 
down a new jdant. 

Some dry-pressed bricks on the market are defective through 
being under-fired. As the binding influence of plastic clay is 
absent from such bricks, a somewhat higher temperature is often 
necessary in the kilns in order to bring about incipient vitrifica¬ 
tion, and so obtain a strong article. This effect of plasticity on 
the fired goods is by no means well understood, though it is 
undoubted. Probably it is due to tho effect of the greater pro¬ 
portion of water in the plastic clay in splitting up the latter into 
finer particles, which commence to vitrify at a lower temperature 
than when they are in the coarser form of stiff bricks. 

Tho methods and machinery used are precisely similar to 
those employed in the semi-dry process, except that no water is 
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added to the material, and some form of clay dryer may be 
reqiiired. Greater pressures are, however, necessary and the 
presses must bo made exceptionally strong. The “Emperor” 
press (p. 2;G) is particularly suitable for materials practically 
<levoid of plasticity. 

The dry or “ dust ” process is chiefly used in this country for 
tiles, the manufacture of bricks by it being difficult on account 
of lamination, irregularity in hardness in different portions of the 
brick, and defective binding power before burning, which makes 
the bricks difficult to handle. With tiles the difficulties are much 
less because of their thinness. The small amount of moisture 
present in the bricks made by the semi-dry process overcomes 
these difficulties to a limited extent, and it is on this account 
generally preferable. 

The advantages of th<! dry process over the others are many 
.and obvious, but the process is limited to certain tyj)es of clay 
and classes of goods, and those clayworkers who rashly imagine 
that any clay may be satisfactorily made into bricks or tiles by 
it may find their mistake out when it is too late. In such cases, 
as in many others, an absolutely impartial opinion, given by one 
thoroughly acaiuainted with the disadvantages and advantages 
of each method, and with the c.omposition and character of the 
clay and the goods to be made from it, is the best thing to obtain 
before the plant is laid out. Such advice cannot, naturally, be 
had for nothing; but its cost is far less than that of experiments 
with expensivt^ plant and machinery which prove abortive after 
a, few months’ trial. 

Provided that the clay is in a suitable physical condition, its 
use in a dry press is accompanied by many advantages, but until 
more is known of the exact physical characteristics required, all 
work in this direction must be somewhat in the nature of an 
experiment. 



CHAPTER VIII. 

KILNS. 

The selection of a kiln for burjiing bricks is a uiattor requiring 
great care <and skill, particularly if it is to be used in works where 
the annual output is very large. In a small works the problem 
is less complicated, as the choice is usually limited to some form 
of single or intermittent kiln. 

Brick kilns may be classified into two main groups : (a) single 
or intermittent kilns, consisting of a single chamber, and (fe) semi- 
continuous and continuous kilns, consisting of a number of 
chambers connected in such a manner that the gases and pro¬ 
ducts of combustion produced in one chamber may be utilized 
in heating others. 

Kilns used for brick-burning may also be divided into three 
classes according to the direction in which the air, flue-gases, 
and products of combustion travel, viz. (1) up-draught; (2) down¬ 
draught ; and (d) horizontal-draught kilns. 

(/p-Hraa^At Kilns arc the most costly in fuel, but are con¬ 
venient in many small yards and can usually be constructed 
cheaply. 

An up-draught kiln for brick-burning usually consists of two 
side walls placed parallel to each other and containing a )iumber 
of lire holes. An arched roof may be fitted over these walls, or 
a. flat roof may be formed by covering the bricks in the kiln with 
a layer of bricks laid flat and making this tight with ashes. One 
or more small chimneys may be built on the top of the kiln, 
or a flue may be built and connected to a single large chimney 
erected at a convenient distance from the kiln. The heated air 
enters through the fire-holes and rises to the top of the kiln, 
whence it passes to the chimney, the kiln deriving its name from 
the upward motion of this air or drjiught. 

The chief failing of the up-draught kiln is its irregular heating, 
the consequent large proimrtion of under-burned and over-fired 
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bricks produced, and the large proportion of fuel (seldom less 
than 12 cwt. per 1000 bricks) it requires. 

Its advantages are the low cost of erection, simplicity of 
setting and drawing, and the low cost of repairs. 

Down-Draught Kilns are amongst the best single chamber kilns 
known. They should really be termed “up and down-draught,” 
as the air entering the fire-boxes rises towards the top of the kiln 
and is then deflected downwards, distributing itself throughout. 
the kiln and passing through an opening in the floor to the 
chimney, which should be about 40 ft. high and 4 ft. dia¬ 
meter. 

This type of kiln is used throughout the country for high- 
class bricks of all kinds, and is valuable on account of the even 
heating which can be obtained. Though usually built as a 
single kiln, it has been found that the same principle can bo 
applied to continuous kilns, with the result that the economy of 
the latter, combined with the excellent colour and even heating 
of the former, produce an almost ideal kiln. 

Down-draught kilns may be either circular or rectangular in 
shape, the latter being best for bricks. They may lie made 
sufficiently large to hold 250,000 bricks, but most British brick- 
makers find a chamber holding 30,000 to 40,000 most convenient 
for single-chamber kilns. 

IIorizontal-Dratight Kilns are those in which the air entering 
through the fire-holes travels largely in a horizontal direction 
before entering the chimney. The best known kiln of this type 
is the “ Newcastle ”. 

They are used for fire-brick manufacture and in other cases 
where a high finishing temperature is required. They are not 
usually economical in fuel, but are, if properly designed, less 
wasteful than either up or down-draught kilns, though usually 
they are built too short in proportion to their width. They may 
be made of various sizes, but a capacity of 25,000 to 30,000 bricks 
is most convenient. If very high temperatures are required it 
may be necessary to add fuel through the holes specially con¬ 
structed in the roof, but for most building bricks this is un¬ 
necessary. 

If a horizontal-draught kiln is constructed of a number of 
chambers so connected together that the flue gases pass from 
one chamber to the others in a straight line a semi-continuous 
kiln is formed. If two semi-continuous kilns are placed side by 
side and connected at each end by other chambers, the 
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chimney being placed in the centre or to one side, a ring kiln or 
continuous kiln is obtained. 

It must he remembered, however, that, whilst any continuous 
and semi-continuous kiln regarded as a whole is of the “ hori¬ 
zontal-draught ” type, each portion or chamber in such a kiln 
may be worked on the “ down-draught ” principle. 

The Newcastle or single horizontal-draught kiln may, in fact, 
be regarded as the forerunner of the modern continuous kiln. 

Continuous Kilns have the great advantage of using but little 
fuel (3 to 5 cwt., as compared with the 12 cwt., of up-draught 
kilns for each 1000 bricks). Many continuous kilns are, how¬ 
ever, spoiled by the lack of provision for keeping the fuel 
away from the bricks, and many of those are in consequence 
spoiled in the firing. Where proper fife-boxes are provided for 
the combustion of the fuel, it is possible to obtain bricks equal 
in every respect to the best produced in any single kiln and at 
a far lower cost in fuel than is otherwise possible. 

Brickmakers who have not studied the recent improvements 
in continuous kilns have an impression that they can only be 
used for common bricks. This is quite erroneous, as several 
firms are now regularly producing some of the best facing bricks 
in the country in continuovis kilns. 

Having described the main characteristics of the chief 
patterns of kilns briefly, typical kilns of each class may now be 
studied in greater detail. 

Clamp Kilns are best considered in a class to themselves. 
They are seldom employed except for temporary purposes and 
for hand-made bricks, and a typical clamp has therefore been 
described on p. 61. 

The Up-Drmight or Scotch kiln is of a simple yet eflective type 
and is typical of this class of kiln. It consists of four upriglit 
walls forming a rectangular chamber, the two end walls being 
sometimes replaced by temporary ones so as to facilitate the 
filling and emptying the kiln. These openings are 36 in. wjdo 
with a permanent wall at each side of the opening, but in practice 
it is better to make the opening sufficiently wide to admit a 
horse and cart, as the bricks can then be loaded direct from tiie 
kiln into the vehicle. When the filling of the kiln is comjdete, 
each of these openings is filled with a temporary brick wall 
covered with “daub” or clay paste. The openings may reach 
to the ground level or not, as is most convenient. 

The floor is often sunk al)Out 4 ft. below gi'ound level, but this 
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hag tJie (li gad vantage that a cart aannot lin taken into the 
kiln. 

Alons (aieh gide of the kiln are lire-holeg or openingg aijout 
16 in. wide and 2 ft. to 2 ft. hif;h. Theae openiiiRg ghould he 
lined with iire-hriekg (whied) can ))e renewed when neeeggary) go 
ag to reduce their width to about 12 in. They may algo with 
advantage he arched with fire-hrickg. 

The whole gtructure igiUBually about 26 ft. long by 16 ft. wide 
and 12 ft. to 15 ft. high externally, the gide wallg being 18 in. to 
40 in. thick and the end wallg (with “wicketg”) :i8 in. thick, but 
dimengiong vary go in different placeg that no definite gizee can 
be gtated ag being the gtandard. 

The gideg of the kiln may be the thiekegt at the bottom and 

may taper (externally) to- 
warda the top (fig. 168), ag 
it ig in the lower portion 
that the greategt gtrength 
ig needed to regigt the ex- 
paneion action of the heat. 

Small chimneyg may be 
provided on the top, if 
neceggary, but it ia ugually 
found that they are not 
Fra. 168.—End of up-draught kiln (with required. The top of the 

extra large wioket). ]jjj„ ^loged with 

agheg, or a permanent arched roof may be employed. 

Such a kiln ig built of brickg get in clay pagte. No ordinary 
mortar mugt be employed, except, j)Oggil>ly, for pointing the 
outgide of the kiln, ag the lime in it ig detrimental to the hot 
brickwork when the kiln ig in uge. The wallg mugt, ugually, be 
gupported by buttreegee at the angleg and, occagionally, at the 
gideg. 

An up-draught kiln of improved type degigned Ity George 
Durant (fig. 169) burng 30,000 brickg at a time with an average 
congumption of 8 cwt. of fuel per 1000 brickg. 

The fire-holeg are 19 in. acrogg, and are geparated by 20 in. of 
brickwork and lined with 4j) in. fire-brick liningg. Doorg and 
barg can be fitted to the fire-holeg if degired, but thege are by no 
meang alwayg neceggary. Between each two fire-holeg a gmoke 
vent 4^ in. wide ig built, and a ghort chimney to each vent allowg 
of the proper regulation of the draught in different partg of the 
kiln. 
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The foundation of the kiln should ho perfectly water-tight, and 
in cases of doubt or dampness a layer of concrete 10 to 18 in. 
deep should be put down. 

An important point in the construction of all kilns is the 
jointing of tlie lirickwork, as if this is carelessly done the amount 
of loss through cold air leaking hr and heat leaking out will be 
enormous. If the bricks are carefully dipped in “daub” and 
well malloted into position so as to secure a perfectly close joint, 
a considerable waste of fuel will be jtrevented. Lime mortar 
must not be used for jointing except at the outside facing, as it 
cannot stand the action of the heat inside the kiln. When 
carefully built and fired, no stays are necessary, though they can 
be used if desired. It is a groat advantage, both in enabling the 



Fio. 169.—Plan of up-draught kiln. 


fires to burn more steadily and in keeping the fuel dry, if a lean- 
to roof is erected along each side of the kiln. Many users of up¬ 
draught kilns omit this roof, though it is unwise for them to do 
so as it soon pays for its cost in the saving in fuel it eflfects. 

The setting of the bricks in such a kiln requires considerable 
skill, as the courses must be crossed in such a manner as to 
leave continuous openings throughout, in order that the heat 
may be properly distributed. On this account flues about 8 in. 
wide and 2 ft. to 3 ft. high are left in the lower parts of the kiln 
connecting the fire holes in the side walls. One of the most 
satisfactory methods of setting such a kiln is to arrange the 
bricks in throe straight lines, the centre one skintled, running 
from side to side, and to fill the kiln completely up to the top. 

A circular up-draught kiln is only used to a limited extent 
(being preferably replaced by a down-draught kiln); there is no 
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need to describe it in further detail. According to E. Dobson, 
up-draught kilns of this pattern were largely used at one time 
for the Inirning of, Staffordshire blue bricks, consuming about 
4 tons of coal for a kiln capacity of 8000 bricks 

The Down-Draught kiln, whether circular or rectangular, is the 
most efficient and satisfactory of all single kilns, yielding the 
most perfect colour and the lowest fuel consumption of any 
intermittent kiln. 

For many years the most popular form of single down-draught 
kilns has been circular in shape, but for ordinary bricks the 
rectangular pattern has several obvious advantages and is re¬ 
latively cheaper to construct. 

Figs. 170 and 171 show a section and plan of a circular down- 



Fiu. 170.—Keotion of dowD-draught kiln. 


draught kiln. For bricks, such a kiln has usually ten or twelve 
fire-holes around its circumference, and the hot gases from these 
rise up through a series of pockets or “ bags ” towards the top 
of the kiln, whence they are turned downwards, distributing 
themselves through the bricks in the kiln and finally passing 
through the central flue to the chimney. In most down-draught 
kilns of this pattern the floor is solid with the exception of the 
central flue, but in some cases a perforated false bottom is added 
so that the gases may be better distributed amongst the goods 
in the kiln. The chimney is usually external to the kiln, but may 
be placed centrally inside it if desired. Instead of the bags 
or pockets through which the fire-gases rise being separated from 
each other, it is, in some cases, preferable to use a continuous 
flash-wall or screen running comidetely round the inside of the 
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kiln, so as to spread the gases more than is the case when bags 
are used. 

In any case, the bag, or screen-wall, must be perforated near 
to the bottom so that some of the gases may penetrate at once 
to the lower part of the kiln. If this is not done, and the walls 
are solid throughout, the lower portion of the kiln will probably 
be under-fired. 

It is usual to connect several kilns to a single chimney, but, 
if this is not practicable, each kiln may have its own shaft. 
Occasionally, round kilns are connected to each other so as to- 
form semi-continuous kilns, but such an arrangement is seldom 
quite satisfactory. 



Fio. 171.—Plan ot round down-draught kiln. 


The walls of a circular down-draught kiln must be of con¬ 
siderable thickness, and must, usually, be surrounded by iron 
bands in order to prevent it being damaged by expansion. 

The fire-boxes may be simple openings in the walls of the 
kilns fitted with a grate about 14 in. wide, or they may, pre¬ 
ferably, be in the form of a box or hopper as described in con¬ 
nexion with a rectangular down-draught kiln. The box form 
has the advantage of giving more regular heating with less fuel,, 
as it prevents much leakage of air through the-fire-holes. The 
grates may be flat or sloping, the latter being preferable, as they 
expose a larger area of fuel and prevent air-leakage when the 
fuel is partly burned. 
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In tJie ordinary firo-hox tho most olomontary requirements 
Cot the ofiicient burning of the coal are to a large extent omitted, 
with the result that much fuel is wasted and a large amount of 
smoke produced. 

Most kiln Imilders ap]iear to forget that wlien fresh fuel is 
fed on to a fire the amount of air needed whilst gas is being 
prodiKiod is very large and tliat this air must, for the most part, 
he introduced into the gas stream direct and must he shut off 
when the jtroduction of gas has ceased. For this purpose an 
air-llue wdiielr can lie closed l)y a door or hy hriciks should he 
constructed some inches aliovc the furnace and should lead 
directly into the kiln Iiag or screen-space. The fire-liox must 
he of such a shape that the coal will lio on the grate and will 
form its own seal, jwewnting much heat escaping outside the 
kiln. To secure this it is necessary to have the grate much 
more slophig tluin is usual, so as to allow the fuel to lie at an 
angle inside the furnace. 

A similar principle is employed in the. Gillet fire-hox, hut in 
this case several parallel air openings are jwovided. A large 
iron hojiper is also placed on top of the square masonry. 

The use of a grate is not necessary with some fuels, hut it is 
generally an advantage. 

If the fire-boxes are made suflicdently deep (above liO in.) a 
species of gas-producer is formed which is very effective and 
economical. When using smudgy coal the difficulty sometimes 
experienced with so deep a fire-hox can he overcome hy blowing 
steam and air into the fuel near the bottom. This is best ac¬ 
complished by fitting a 2-in. iron or stoneware pipe into the front 
of each fire-box, and allowing it to project about half-way inside 
tho latter. A steam jet J in. diameter is then attached just 
inside the outer end of this tube, so that tho steam passing 
through the tube candes a supply of air with it. As the steam 
must usually be brought a considerable distance, much con¬ 
densation occurs, BO that some form of superheater is necessary. 
This is easily obtained by fixing a U-shaped iron pipe 2 in. 
diameter just above the gas exit of the fire-box, and connecting 
the ends of this pijie to tho boiler and steam jet respectively. If 
the action of the heat on the iron U tube is excessive, a thin fire¬ 
clay slab may be placed beneath it. A larger steam jet than 
that mentioned is undesirable, and the superheater must not he 
omitted if the best results are to be obtained. 

In order to overcome the difficulty experienced in drying and 
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warming the lower hrieks in a down-draught kiln, and in prevent¬ 
ing the deposition on them of condensation-products from the 
upper bricks, E. Thomas has patented the use of a number of sup¬ 
plementary fires placed between the ordinary fire-boxes and 
eonnected to a different pattern of “ l)ag ” (fig. 172). These 
supplementary fires are used entirely for the heating of the 
lower part of the kiln before, or simultaneously with, the heating 
in the usual manner. For this purpose the “bags” are nearly 
closed at the top as shown in fig. 173, but are open at the front, so 
that the fire-gases are confined to the lower 3 ft. or so of the kiln. 
By heating this portion first (instead of last as in tlie ordinary 
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Fio. 172.—Special screen (front view). 


manner) the bricks contained in it are made better able to stand 
the pressure of those above them. They are warmed and so 
cannot be spoilt by condensation deposits, the draught of the 
kiln is improved and the amount of fuel required is slightly 
reduced. These supplementary fires are fitted with doors so that 
the heat from them may be regulated, and it is found in practice 
that they enable the bottom of the kiln to be finished as soon as 
the top. 

The rectangular down-draught kiln shown in tigs. 174 and 175 
is easier to sot than ii circular one. It may have a single separ¬ 
ate chimney, or two smaller cliimneys, one at each end, or a 
series of very small chimneys, one for each fire. The first men¬ 
tioned is the beet, though it may lie more expensive if only 
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one kiln is built, the only advantage claimed for the uee of a 



separate small chim¬ 
ney to each fife being 
that a separate con¬ 
trol of the draught is 
obtained. This ma^ 
be equally well ar¬ 
ranged, when desired, 
by inserting dampers 
in the separate flues 
leading to the main. 

The walls should 
not be less than SO 
in. thick iind should 
be strengthened by 
vertical steel joists 
placed at intervals on 
each side of the kiln, 
and tied together by 
1-in. rods to those on 


Fio. 178.—Cross section through centre ol fig. 172. the opposite side of 
the kiln. In order to strengthen the kiln at the springing lino of 
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the arch, horizontal steel joists should be placed around the kiln 
at this level and kept in place by the vertical ones. 

The kiln has an arched roof. The fuel is burned on inclined 
grates fixed in fire-boxes down two sides of the kiln. These fire¬ 
boxes are so made that a considerable quantity of fuel is con¬ 
tained in them, the gases and volatile matter from the fuel being 
drawn downwards and passing over the glowing fuel in a manner 
impossible with a flat grate. This not only saves fuel but reduces 
the amount of smoke. The inclination of the grates must be 
adjusted to suit the fuel used, and experiments may be necessary 



Fio. 17.5.—Half-plan’of down-draught kiln (Brown). 

before the correct angle can be found, though it is usually about 
60 degrees. The grate-bars should not reach quite to the wall 
at the ))ack, a space for pushing down the ashes being desirable. 
The ^r necessary for the combustion of the fuel enters chiefly 
through the grate, but an additional supply can be admitted 
through an opening in the wall above the fire-box. The admission 
of this additional supply of air is of great importance in aiding 
the prevention of smoke, and by constructing (i series of vertical 
flues within the kiln-walls and parallel to the bag-walls a supply 
of hot air can readily bo obtained. By this means the production 
of smoke is almost, if not entirely, prevented. This liot air is ad¬ 
mitted to the bags at a point about 2 ft. above the level of the 
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fuel at the tiottom of the bag, the amount of air entering the kiln 
being controlled by a siniple damper. 

The flame, fire-gases, and air rise through the bags and, after 
deflection from the roof, distribute themselves amongst the bricks. 
As it is essential that this distribution of heat should be even, 
the “ bags ” arc sometimes replaced 1 ly a single wall or screen built 
parallel to the sides of the kiln forming a space or trough, into 
which the fire-gases are discharged. Cross- or tile-walls may be 
used between the fires to bind this wall to the kiln. As will be 
seen, the bags or screen-walls rise to the height of the spring 
of the arch or even higher, but ample room must be left in the 
top of the kiln for the effective (!ombustion of the gases. A few 
perforations should be left near the bottom of the bag- or screen- 
walls in order to supply some heat to the lower part of the kiln 
during the earlier stages of the firing. The supplementary fires 
described in connexion with the circular down-draught kiln may 
be used if desired. 

The floor of this kiln is perforated so that the heat may be 
well distributed, each series of perforations leading to a separate 
flue. These flues are connected to a. series of chimneys or to a 
main flue running beneath the kiln floor to the chimney-stack. 
If two chimneys axe used (one at each end) the sub-floor flues 
should bo connected to each chimney alternately, so that all the 
fires on one side of the kiln will lead to one chimney and those 
on the opposite side to the other. 

There are no fire-holes at the ends of this kiln, their place 
being taken by “wickets” or “door-gaps,” tlirough which the 
kiln is filled and emptied. 

The size of the kiln may bo varied to suit special uses, but 
one capable of holding about 30,000 bricks, leaving ample space 
between them and the arch, will be found to be most generally 
useful. If built of ordinary bricks, with the exception of the 
bag-walls and tho lining of the fire-boxes—which should be of 
fire-bricks, a kiln of this size will cost about £250, but if any 
independent chimney-shaft is used the cost of this must be 
added. 

The bricks may be set “five on two,” i.e. five headers on two- 
stretchers, or in “ blades ” as preferred. In each case, care must 
be taken to allow the gases in the kiln to have access to the per¬ 
forations in the floor, and the first two or three courses of bricks 
must be arranged accordingly. The bricks should not be set 
much above the level of the bag-walls, and in no case within 
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16 in. of tho lop of the kiln, as tliis space is noeessary for com¬ 
bustion and lieat circulation. 

Down-drauglit kilns should be built rather low—16 ft. high 
inside is too high for most purposes, and 10 ft. would lie far 
better. 

The. Ncn'castle kiln (fig. 176) is typical of horizontal-draught 
kilns. Unlike tho up-draught kiln previously described, it is 
fired from the end instead of from the sides, with a consecpient 
saving in fuel. In most Kewcastle kilns this firing is from one 
end only, the chimney i)eing placed at the other, but in kilns of 
20 to 50 ft. or more it is usually necessary to fire from both 
ends. 

It is customary in some districts, though not in Newcastle, 
to fire through holes in the roof of kilims of this tyjie, the fuel 
being received and burned in si)ecial “pillars ” constructed of 



Fm. 176.—Longitudinal section ot “ Newcastle ” kiln. 


the bricks to be fired. As this iirrangement spoils a certaiji pro- 
jiortion of bricks it is not to be recommended except in the ease 
of common goods. 

The Newcastle kiln consists of a long rectangular chamlier 
with an arched roof. It is not usually more than 15 ft. wide in¬ 
ternally and is often much ilarrower. One end of the kiln is 
solid and has d chimney, or throe Hues loading to it chimney, at 
tho back of it; the other has two permanent fireplaces iind a 
wicket or door gap about 40 in. wide, iii which, when the kiln is 
filled, a third fireplace is constructed. 

These fireplaces, as ordinarily built, eiich consist of an open¬ 
ing about 2 ft. 6 in. by 1 ft. 4 in. reaching from the ground, 
usually containing a grate, and another aichod opening just 
above, and of the same width, but only 14 in. high at the centre 
of the arch, through which the fuel is fed. These ojienings 
should be partially closed by means of iron sheets or fire-clay 
slabs, though in pi-acitice they are left quite oi)en in spite of the 
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waste of fuel which is thus involved. To obtain the best results 
they should only be sufficiently open to admit the proper quantity 
of air. 

A space at least 3 ft. wide at the bottom and 4 ft. at the top 
should be left between the bricks to be burned and the inner face 
of the end wall of the kiln. This space forms a combustion 
chamber, and' when no grates are used for the fuel it forms an 
ashpit and bed for the combustible. It is necessary to have this 
space in order that the air- and fire-gases may bo properly com¬ 
mingled and the fuel thus be perfectly burned. 

These gases travel along, chiefiy in a horizontal direction, but 
distribute themselves through tlie bricks, finally passing out 
through three openings at tlio farther end of the kiln, to the 
chimney. If the kiln is longer than 30 ft. it is desirable to have 
exit openings in the sfde walls and floor of the kiln at intervals, 
so that the gases may be taken out as required. This is espc^cially 
necessary during the earlier stages of firing, as if the gases be¬ 
come too cool they will cause deposits (scum) to form on the 
goods. Very large Newcastle kilns are, however, undesirable, as 
smaller ones connocl.ed together to form a semi-eontinuons or 
continuous kiln have many advantages and are etpially econ¬ 
omical in fuel. 

For convenience, and to reduce the cost of building, New¬ 
castle kilns are often erected in batteries of six kilns placed side 
by side. When this is the case it will be found much more 
economical and satisfactory to erect a semi-continuous kiln of 
the same capacity. 

The setting of the bricks is similar to that in a continuous 
kiln. 

Gas-Fired Single Kilns have been made the subject of many 
patents, but few have proved really successful. Most patentees 
have had an insufficient knowledge of the firing of kilns, and have 
attempted the impossible by introducing the gas at the wrong 
place, or have tried to keep it alight when supplied with cold air. 

For the successful application of gas to intermittent kilns it 
is necessary to have several kilns so placed that they discharge 
their waste gases into one of two central regenerators or chambers 
filled with bricks arranged in a chequer-work fashion. Whilst 
the waste gases from a kiln are passing through one of these 
regenerators the brickwork becomes heated, and when the 
supply of gases is cut off by being diverted into the other re¬ 
generator,'air is drawn in the opposite direction through the first 
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one; thus the air becomes heated and is then in a suitable con¬ 
dition for being supplied to the gas used for heating the kiln. 
The change of air and waste gas currents through the regenerators 
must be made at regular intervals of about thirty minutes, this 
being effected by means of a simple reversing valve. 

The gas is made in special producers, the construction of 
which needs special skill. The gas-burners must also be of 
special construction; most of those who have endeavoured to 
apply gas to brick burning in single kilns have failed to burn 
the gas satisfactorily. 

A typical arrangement for a single kihi fired by gas (fig. 177) 
is designed by E. Schmatolla, and found to be specially suitable 



Fio. 177.—Intermittent gas-fired kiln. 

for use at temperatures higher than can be obtained by direct 
firing with coal. 

It consists chiefly in the connexion of the heating chamber 
with two or more heat collectors, accumulators or regenerators; 
the furnace proper is arranged so that it may be started as a 
direct fired grate, and afterwards changed gradually to gas firing, 
and on this account it is built centrally to the whole structure, 
the regenerators being placed at each side. 

The gas generator (c), which is built in a similar way to a 
grate furnace, but with a higher shaft, is arranged below the 
burning chamber (o), and the two heat collectors or accumulators 
reach approximately from the bottom end of the gas generator 
to the upper end of the heating or burning chamber. The gas 
generator is connected to the chamber at both sides by means 

17 
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of conduits or flues {d, e,) lietweeii which are arranged dampers 
(f), the latter making it ]iossihle to close the one or the other of 
the flues (d). The two heat collectors (b) are connected to the 
heating or burning chauiljer (a) by means of conduits (g) and 
openings {h). The heat collectors, which are provided with a 
grating of refractory bricks or other material, are connected at 
the bottom end to conduits (b ^, 62, b‘.i, hi), which can he brought 
into communication either with the chimney channel (65) or 
with the outer air by moans of a device consisting of a box (i:). 
Assuming that the damper {/) on tho left-hand side is closed, 
the corresponding damper.(f) on the right-hand side Iteing open, 
and the box standing as sliown in the drawings; tho conduit 
(64) on the right-hand side is in connexion with the outer air, 
and the conduit (64) on Ihe left-liand side is connected with the 
chimney ; and assuming further that the generator is filled.with 
coal, and that the whole furnace is already incandescent, the 
generator gas will then pass through the right-hand conduit 
system (d, e) into the heating chamber {a), and the air through 
the right-hand comhiit system (64, 6.'f, 62 , 61), the grating of tho 
right-hand collector and the conduits (;/, h) also into the. Inciting 
chamhor (a). Gas and air become mixed at the right-hand end 
of the chamber, burn in the interior of the chamber (a), and pass 
at the other end through the conduits (6.,;/) and the heat col¬ 
lectors (6), as well as the conduits (61, 62, 6,'!, 64) on the left 
hand, into the chimney. The combustion gases escaping from 
the chamber give off tho greati^st portion of their heat to the 
grating of the heat collector arranged on the. hift-hand side. 
When the latter is so highly heated that the combustion gases 
begin to escape through the flues (61, 62, 62. 64) at a higher tem¬ 
perature, the box {k) is drawn to the right side, so that the left 
channel (64) is open and tln^ right channels (61, 62, 62, 64) are 
connected to the chimney. If, then, the right-hand damper (J) 
is closed and the left-hand one is opened, the gas will pass through 
the left-hand side flues (c) and {g) into the chamber, and the air 
will pass through the left-hand side flues (64, 62, 62, 61), the 
grating of the left-hand side heat collector, and the right-hand 
side flues (g, h) into the chamber. Tho direction of the flame 
will be reversed, iind it will iiass on the other side through the 
flues (g, h) to the heat collector, and after having given off to the 
latter the greatest portion of its heat through the right-hand 
flues (61, 62, 63), into the chimney. The air is, of course, highly 
heated by the previously highly heated left-side accumulator. 
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and passes into the chamber with a very high temperature. The 
producer gas will also pass into the heating chamber at a very 
high temperature, since it has to traverse only a short conduit, 
and thus it is possible to increase the temperature in the 
chamber to a much higher degree than is possible in the furnaces 
generally used—for instance, for burning or heating highly re¬ 
fractory materials. As the direction of the Hames can be altered 
at given intervals of time, the temperature in the chamber can 
be raised as mucli as desired up to the limit of the dissociation 
temperature of carbonic oxide—that is to say, up to 2000” C. 



Fkk 178.—Regenerator and furnace. 


An adaptation of this regenerator to a furnace is shown in 
fig. 178. Ill this, the heat accumulators (b) are placed at the side 
of the jiroducer (<;) as before, but the gas fiues (d, e) are an-anged 
at each side in the middle of the accumulators (6), separated 
-from them by thin walls (?t>), whereby the accumulators are 
divided at the top into two branches, which are also filled with 
brickwork for accumulating heat and communicating at their 
upper end with the combustion chambers (a). In this arrange¬ 
ment the dampers (/) for regulating and reversing the gas and air 
are arranged at the level of the heating chamber inlets, and are 
controlled from the sides of the furnace instead of from the front. 
By means of this arrangement it is possible to look through the 
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flues direct into the gas producer, and conseciuently the cleaning 
of the gas fluOs is quite easy. In this way it is possible to cool 
the bottom of the hearth from a water tank (t), a great advantage 
when the furnace is used for melting purj)oses,'or where a fusible 
slag is produced. This drawing also shows a design when the 
flues {¥) leading to a separate reversing box (k), as in fig. 177, are 
used as a part of the accumulator by filling them also with brick¬ 
work ; in this they can lie covered with plates (j>). By this system 
the whole of the heat in the waste gases may be recovered, and 
experience has shown that, whilst the heating chamber is at a 
white heat (1700° C.), it is easy to keep one’s hand on the revers¬ 
ing valve (k), (fig. 177). 

The Mond Gas Producer has also been applied to the firing of 
kilns, but as the essentipJ feature of this jilant is the recovery of 
by-products from the fuel, it can only be used where a very large 
number of kilns are employed at a time. In such cases it is 
easier and better to use a continuous kiln—either coal or gas- 
flred—for burning bricks. 

A system of what may be termed ‘‘ lialf-gas ” firing has been 
successfully applied to kilns by A. Woolley and others. Tliis 
consists in removing the grates from the ordinary fire-boxes of 
the kilns, providing an air-tight door, and lilowing in air and 
superheated steam below the fuel. A crud(> gas is produced with¬ 
out any appreciable alteration of the furnaces, and regular heat¬ 
ing is greatly facilitated with a reduction in the amount of fuel 
consumed, and a great saving in the labour of firing and of cleaning 
out the fire-boxes. 

Semi-Continuous Kilns are those in which the unused heat from 
one chamber is used in others, the transference being continued 
until the end of the series is reached. Semi-continuous kilns are, 
therefore, more economical in fuel consumption than are single 
kilns, and yet, if rightly constructed, they give equally good 
results. Unfortunately, most designers of semi-continuous kilns 
have been unduly influenced by their knowledge of tlie New¬ 
castle (single) kiln and the Hoffmann (continuous) kilns, and have, 
overlooked the advantages of the down-draught kiln when con¬ 
nected to form a semi-continuous series. On this account many 
selni-continuous kilns do not iiroduce bricks of good colour, but 
the fault lies less with the underlying principle of semi-continu¬ 
ous action than with its limited applications. 

The general structure of a semi-continuous kiln is shown in 
fig. 179, though the use of only four chambers would not secure 
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a great reduction in the amount of fuel used, and at least six 
chambers should be connected. The kiln shown is practically a 
Newcastle kiln with fires at one end, to which have been added 
three other chambers for which no fire-grates have been provided, 
though feed-holes for the fuel are placed in the roof. 

Chambers 1 and 2 having ))eon filled with bricks the fires are 
lighted and the heat not retpiired in No. 1 is taken through the 
five short connecting flues direct to chamber 2. Passing through 
this, it escapes to the chimney through underground flues situated 
at each side of the kiln. As soon as th(j succeeding chambers 
(3 and 4) are filled, the gases are passed through them before being 
admitted to the flue, and, in this way, almost the whole of the 
heat in the gases is used. As soon as the bricks in chamber 1 
are finished, the firing in the fireplaces is stopped, and the fuel 
supplied as required through the roofs of the different chambers. 



Fiu. 179.—Plan of semi-oontinuous kiln. 


It will easily be seen that whilst the heat from No. 3 chamber is 
fully used in heating bricks in other parts of the kiln, much of 
the heat from No. 3 and all from No. 4 must pass into the 
chimney and l)e lost, so that the saving in fuel depends very 
largely on the number of chambers (i.e. on the length) of the 
semi-continuous kiln. 

If such a kiln be constructed with fourteen or more chambers, 
and these, instead of being in a straight line, are in the form of 
a circle or ellipse, the fireplace necessary in the semi-continuous 
kiln is no longer needed, and a continuous kiln, in which the 
waste above mentioned does not occur, is produced. 

Another serious objection to the semi-continuous kiln just 
described ( where the colour of the goods is of importance) is the 
damage do le to some of the bricks by feeding the fuel amongst 
them througli openings in the roof. This may be overcome by 
the use of grates or fireplaces in each chamber, wliereby the fuel 
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is prevented from eoniing into contact with the goods, and idcks 
of an excellent colour may then be produced. 

Occasionally, two semi-continuous kilns are built side hy side, 
one being burned whilst the other is drawn or set. This simplifies 



the construction somewhat, hut is awkward in use oom])ared with 
the semi-continuous down-draught kiln with one gallery shown 
in fig, 180, and is not so economical as a continuous one. 



Tim Semi-Continuom Down-Drauijhl Kiln shown in fi rs. 180 and 
181 is due to A. E. Brown, but similar iwinciples ,,re used by 
other designers of kilns of this style, and many of the better con- 
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tinuous kilns can be marie into excellent semi-continuous ones by 
building a few chambers instead of the whole kiln. 

Bach (ihamber in such a kiln can be used independently of 
the rest—an imi>ortant advantage when tin* sup])ly of green 
bricks is short or when the output of the works is reduced. 

As shown in fig. 130 a number of chambers (usually six) are 
connected with each other by means of a row of opimings in the 
floor next to the partition walls, so that the fire-gasris pass through 
these openings to the next chamber. The furnaces, in this case, 
are arranged in each corner of each chamber, and direct communi- 
(;ation with the chimney can be made through a damper-con¬ 
trolled flue in each chamber. The chambers may conveniently 
hold 7,000 to 15,000 bricks each, and if only six are erected the 
whole set should be filled, burned offhand cooled before being 
drawn and reset, though with careful working it is possible to set 
some chambers at the same time as the others are being fired. 

When starting the firing the damper (d) and the flue (D) is 
opened and the fire-gases pass through the perforations to the 
chimney through the main flue (L). By keeping this damper 
open, any chamber can be worked independently, but on closing 
it the fire-gases pass into the next chamber through the perfora¬ 
tions and under the partition wtills, rising through the openings 
in the inxi, chamber up what is practically a “ bag ”. The 
chimney damper of this second cliamber may be openo<l, or if 
closed that of a later chamber must be opened. When the 
firing of a chamber is finishe<i, the fires are allowed to die out, 
the o])eniiig8 for admitting fuel are closed, and the finished 
chamber only used for the supply of such liot air as may ))e 
needed. Such a kiln with a suitable chimney would cost about 
£5(10 for a chamber capacity of 7,500 bricks and a weekly output 
of 15,000, but the saving of fuel on this output woulil re])ay 
the extra cost of the kiln over single ones within five years. 

Conlinuous Kilns have increased steadily in popularity during 
recent years, and though still misunderstood and mismanaged 
by many brickmakers, the jwejudico which existed .against them 
at one time is slowly dying out. 

In this country few brickmakers would attem])t to use .a 
continuous kiln for an output of less than 1 , 000,000 bricks 
ye.irly, though in Germany many small kilns of this tyi>e are in 
use. 

For an annual output of 1,000,000 or more liricks some form 
of continuous kiln is very desirable, the precise construction 
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depending upon the clasB of bricks to bo produced. The &Bt 
successful continuous kiln was invented by Frederick Hoffmann 
in 1859, and though many improvements have been made since 
that day, the general principle he employed is still used, and 
many modern kilns are termed “Hoffmann,” although they 
differ widely from the original one o^ that name. 

For common bricks the original type of Hoffmann kiln is 
quite satisfactory, but as it seldom yields as much as two-thirds 
of its contents of facing bricks the proportion of those of second 
and third quality is very large. This type of kiln is characterized 
by a remarkably low fuel consumption—averaging 3^ cwt. per 
1000 bricks as compared with 10 to 12 cwt. for single kilns— 
but the first cost is necessarily great, though not so high in pro¬ 
portion as many brickmvkers are apt to suppose. 

Although many patent continuous kilns are on the market, 
it will be sufficient if seven main features are described and 
compared, the characteristics of certain other well-known kilns 
being mentioned according to the class in which they occur. The 
chief features of modern continuous kilns are;— 

1. The general principle of continuous action, typified in the 
simple Hoffmann kiln. In this the fuel is fed through the roof 
and burned amongst the bricks to be fired. 

2. The use of grates or troughs for the fuel. 

3. The use of flues for supplying the freshly-set bricks with 
warm air, in order to dry them and to prevent the deposition of 
moisture on them—as in most jnodern continuous kilns. 

4. The use of the down-draught principle—usually in con¬ 
nexion with grates or troughs for the fuel (see 2)—and permanent 
partitions so as to divide the kiln into a number of separate 
chambers. 

5. The means used for removal of steam. 

6. The use of gas in place of solid fuel. 

7. The use of mechanical (fan) or natural (chimney) draught. 

The simple Hofllnann kiln was originally circular in shape, 

but it is now frequently made with two straight portions con¬ 
nected together by two semicircular ones so as to form an ellipse 
with flattened sides. This later pattern is< more csonvenient in 
shape than the circular one. The general construction and 
method of working of this, the simplest and oldest type of con¬ 
tinuous kiln, is shown in flgs. 182 and 183, from which it will be 
seen to consist of a circular tunnel with twelve door-gaps in its 
outer circumference and twelve flues in its inner one. The 
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door-gaps give access to the interior of tlie kiln and are closed 
with brickwork when those portions of the kiln in which they 
occur are being fired; the flues lead to a central annular flue 
connected directly to the chimney, the connexion between the 
twelve flues and the annular one being controlled by dampers. 

The outer walls of the kiln must be at least ft. thick, 
and must be set in buttress form so as to resist the great effect 
of the heat upon them. The masonry in the centre of the kiln 
is composed of brickwork filled in with rubble or broken bricks, 
well stamped down so as to yield a solid mass. The fuel is 
supplied through holes in the roof of the tunnel. 

The size of the kiln may be varied to suit diflerent conditions, 
but it should have at least 14 “ chambers ” each at least 12 ft. 



in length or an average tunnel length of 168 ft. It is found that 
better results are obtained with an average tunnel length of 
about 225 ft., and this the author considers a desirable minimum 
for the manufacture of first-class bricks. The earlier kilns, with 
only twelve chambers, were too short for obtaining the best 
results, and in the best modern continuous kilns sixteen chambers 
are considered to be essential. 

In considering a Hoffinann kiln it must be remembered that 
no partitions exist to separate the kiln into a definite number of 
chambers. The term “ chamber ” is, however, so convenient 
that its use in this connexion is universal. 

The whole of the chambers, with the exception of two, having 
been filled with bricks which are being heated, the working of 
a simple Hoffmann kiln is as follows; “ chamber ” 1 is empty. 
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12 IB beinp; filled, and a cuiTent of air ynterinfi; tlirouph the 
doorway of No. 12 through No. 1 on, gradually Iiecoming hotter 
in its journey, thus helping to burn any fuel with which it may 
come into contact. No. 11 chamber is the one last filled, and 
consequently contains the coolest of the unfired liricks, the 
hottest bricks being in Nos. 4 or 5 ; tlu' intermediate chandlers 
being at varying but progressively increasing temperature. 

The air passing contra clockwise round the kiln is, during its 
journey through the hottest chambers, highly charged with flue¬ 
gases, and the mixture so formed is purposely taken through as 
many chambers as possilile so as to exjiend most of its heat in 
warming the goods. Finally, at a temperature of l-W” 0., and 
nearly saturated with moisture, it passes into the chimney and 
is lost. Meanwhile, the bricks in the various chambers are 
increasing in temperature as the result of the hot air and gases, 
and the fuel fed through the roof of the hotter chamliers; and 
when those in (say) No. 4 are sufficiently heated, no further fuel 
is supplied to them. This chamber will then liegin to cool, 
because of the cun'ent of air drawn through it as already de¬ 
scribed, and another chandjer (say) No. 9, which has hitherto 
been heated by the hot gases alone, will be sufficiently hot to bo 
fed with fuel through the roof. 

In such a kiln, therefore. No. 1 chamber will be empty. Nos. 
2 and 3 will be cooling. No. 4 will be at full fire and nearly 
finished. Nos. 5 to 8 will be under fire and hot. Nos. 9 to 11 will 
be being warmed by the “waste gases” from the previous 
chambers and No. 12 will be being filled. The partition shown 
between Nos. 11 and 12 will be placed between Nos. 12 and 1 as 
soon as No. 12 is filled, or as soon as possible after No. 4 is finished 
firing. 

With some clays the gases bt'como so charged with moisture 
that the fon'going procedure must be modified, and the freshly 
set goods warmed by special fires in the door-gai>s or wickets. 
It is to avoid this that hot-air flues (see later) are used. 

In the Hofihiann kiln as originally designed, the fuel, fed 
through the roof, falls into hollow pillars formed by the bricks 
to be burned on account of the sjiccial majiner in which they 
are “ set ” in the kilns. The ash from this fuel discolours these 
bricks and renders them unsightly, but the saving in fuel efieeded 
by the kiln was for a long time considered to outweigh this dis¬ 
advantage. In recent years, however, the demand for a better- 
coloured bri(5k than can be produced by the original Hoffmann 



KILNS 


‘2G7 

kiln has increased so nuieh that few modern lirickiuakers would 
now erect one of these simple kilns, hut would include several 
improvements such as those descrihed later. The fact still re¬ 
mains true, however, that the original Hoffmann is the most 
economical in fuel of any continuous kiln on the market, none 
of the “ improved ” kilns heing able to work with less than d cwt. 
per 1000 bricks using a clay or shale free from any combustible 
matter. 

In judging the fuel-consumption of a kiln it is necessary to 
ensure that there is no combustible matter in the clay as, other¬ 
wise, any comi>arison is useless. For example, the Fletton shale 
contains so much oil as to render only a trifling proportion of 
fuel ne(!essary, and a kiln which will burn this satisfactorily with 
only ^ (!wt. of coal per 1000 bricks may need 5 cwt. for a South 
Country clay or for a Midland marl. 

Where the colour and ap 7 )earam-e of the bricks are unim¬ 
portant the simple original Hoffmann jirineiple (fig. 182) is still 
the best. 

Hoffmann Kilns with Grates or Troughs for the fuel, mark a 
distinct step forward in the production of facing bricks in a con¬ 
tinuous kiln, as by keeping the fuel out of all contact with the 
goods they eliminate one of the chief causes of discoloration. 

In the original “ Belgian ” kiln the grates are placed trans¬ 
versely—one in each chamber—the fuel heingfed through holes 
in the roof or through a door at one end of the grate. With this 
exception the Belgian kiln is almost identical with the original 
Hoffmann one, though it is usually built of an oblong shape 
instead of being circular in form, and the (diimney is at one side 
instead of being i)laced centrally. Like most modem continuous 
kilns the “ Belgian ” lias a large number of chambers, freciuently 
twenty-two. 

ill several other kilns this an-angement of gi’ates is emidoyed, 
and it has now become a recognized feature of continuous kilns 
for facing bricks. These grates may be of metal or of fire-clay, 
the former lieiiig generally (ireferalile, being stronger. 

In kilns designed by tiuthrie and liy Brown the grate is re¬ 
placed by a trough or gutter in which the fuel is burned. The 
hearth patented liy A. E. Brown is shown at/in fig. 184 and is 
sloping, the air being admitted to the side instead of helow the 
fuel. This hearth is placed below the floor hu'el and is found, 
in practice, to give ri'sults ijuite equal to the ordinary grate bars 
and to be somewhat easier to clean, as but little clinker adheres 
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to the air inlet. Flat grates are, however, quite satisfactory with 
proper care. 

In the arrangement devised by Guthrie the trough has a level 
bottom, is somewhat deeper, and has no grate. 

The openings through which fuel is fed to the fire-boxes must 
be capable of being closed to prevent the use of cold air, but a 
sufficient supply of air must be admitted to enable the fuel to 
burn properly and to prevent the grate bars (if of metal) from 
being melted. The means by, which this air is admitted will be 
described later. 

The advantages of grates, or troughs, running the whole width 
of each chamber are so numerous that they may be considered 



Eio. 184.—Seotion of one chamber in Brown’s kiln. 

an essent^dl feature of all modern continuous kilns, and the 
question now facing brickmakers is not whether a grate or trough 
is necessary, but whether one is sufficient for each chamber. 
For most purposes a single grate or trough for each 16 ft. of tunnel 
is amply sufficient, but where unusually high temperatures—as 
in fire-brick and blue-brick manufacture—are required, it is de¬ 
sirable to employ two grates or troughs to each chamber. This 
arrangement has been patented by Barnett & Hadlington. 

Hot Air Fines are essential in the production of well 
coloured bricks in continuous kilns, and the chief variations in 
modern kilns of this type are due to the different means used to 
supply heated air. 

Hot air is used for two purposes in the best continuous kilns, 
viz.; (1) for facilitating the combustion of the fuel on the grate 
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or in troughs or bags, as a better result is obtained when the 
fuel is supplied with hot instead of with cold air; and (2) for 
drying and warming newly set goods. In some of the older types 
of continuous kilns hot air is exclusively used for the former pur¬ 
pose. 

It has already been stated that if the fire-gases be taken 
through too many chambers in succession they will become cool, 
and being heavily cliarged with moisture and other combustible 
im])uritie8, will deposit some of these on the goods over which 
they pass. For this reason, as soon as the fire-gases in a con¬ 
tinuous kiln reach a temperature of 150° C. they should be taken 
direct to the main flue iind chimney. The amount of heat then 
left in them is very small, and its loss is unimportant compared 
witli the damage which can be done by,the impurities in these 
gases. If desired, the fire-gases may be used in a dryer, but they 
must ))e kept enclosed in flues, or pipes, and not allowed to come 
into contact with the goods or they will produce scum. 

As it is, in practice, inadvisable to use the fire-gases of a con¬ 
tinuous kiln in heating the freshly sot bricks up to 120° C., 
some other source of heat must be used. At present three such 
sources are available; 

(a) Wicket fires may be built or stoves may be placed in the 
door-gap of each chamber or connected to the feed-holes in the 
roof. In this way the beat from a separate fire is used to warm 
a, largo quantity of air. The disadvantage of this arrangement 
is that the products of combustion of the fuel mix with the air 
and sometimes discolour the goods. 

(h) Air may be drawn over the goods which have finished 
firing and which are cooling in the kiln. This air is heated 
without any contact with fuel and is, therefore, free from the 
disadvantages just mentioned in (o). The amount of heat avail¬ 
able is, however, limited by the rate at which the goods can be 
cooled and by the finishing temperature of the kiln. So far as- 
it can be used this is the best source of hot air, but it seldom 
yields sufficient unless supplemented by heat from other sources. 

(c) Air may be drawn through special flues above the arch of 
the kiln or below the floor, its temperature being regulated by 
the speed at which the air travels and the number of flues used 
for this purpose. Heat withdrawn in this way from the kiln 
must, in part at least, be replaced by the combustion of a relative 
araoifnt of additional fuel, but the arrangement is so convenient, 
and the effect of the air on the brickwork by preventing some of 
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the loss by i'(i<liation wliieli would otherwise take place is so sood, 
that it may be considered as the second Ijest source of heat and 
the best means of supplementing the hot air supplied by the 
chambers containing cooling goods. Air drawn through special 
flues is, if the flues are in good condition, (juite free from objec- 
tional)lc inijiurities. 

The use of wicket firen or stoves needs little description, as it 
is familiiir to most Ijrickmakers. After a chamber has l>een 
filled with bricks the door-gap is built uj), plastered with daub, 
and allowed to dry. If a wicket-fire is to be used, two openings 
must be left in tlie door-gap, one to feed in the fuel for tlie fire 
and another to admit air to allow the fuel to burn. Some biiniei-s 



l)refer to construct a small fire-box by using a grate on wliich to 
rest tlie fuel, but the more usual practice is to allow the fuel to 
burn on the ground (fig. 185). 

A couple of shovelfuls of glowing fuel is now placed behind 
the door-gaps and the appropriate damper opcimd so as to connect 
the chandler directly with the chimney, the sides of the chamber 
having been, meanwhile, provided with iron damjiers, or with 
paper pasted on to the bricks or over the openings in the walls 
between each chamber. The chamber is thus isolated from the 
rest of the kiln and is operated quite inde|>endently. The tem¬ 
perature inside it is slowly raised by the addition of more fuel 
from time to time, until the bricks are thoroughly dry and of a. 
temperature of at least 120" C. The side damiiers are-thfn re¬ 
moved, the door-gap openings filled in, the danqier in the next 
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I’m. 18(i.—Portable stove. 


chamber which took the fire-gases to the chimney is closed, and 
the newly dried liricks are thus placed in tarcuit with the rest of 
the kiln. 

In some ciises it is easier to have a portable stove to hold the 
fuel and to fit the exit pipe of this to the door-gap of the chamber 
to be dried, or to one of the feed-holes in the roof. Opinions 
differ considerably as 
to which is the best 
arrangi'inent, and the 
author has made a 
considerable number 
of tests to solve, the 
problem. He has found 
that if the l)ricks are 
very damp it is I letter 
to use a. stove supply¬ 
ing lieat near the floor 
of the kiln and to ojien 
several feed-holes in 
the roof so as to allow 
the steam and gases to escape in an upward direction. If, on 
the contrary, the goods are not particularly damp they can be 
dried more evenly and rapidly by using 
several stoves supplying air througli the 
feed-holes in the arch of the kiln in a 
downward direction. 

A convenient stove for use on the 
ground level is shown in fig. 186. It 
consists of a grate enclosed in an iron 
chamher and in many res])ects resembles 
a slab-boater (p. 166) but is smaller and 
portabhi. 

A stove (fig. 187) for placing in the 
feed-holes of a continuous kiln consists 
of a cylinder about 12 to 18 in. high, 
its lower diameter heing slightly less 
than that of the feed-hole. The fuel is 
placed on the grate and the heated air 
(lasses down into the chamber beneath. 

Sevmral such stoves should be used at a 



Fin. 187.—Stove for top 
of kiln. 


time, their jiumber tind position depending on the rapidity with 
which the bricks can be heated (fig. 188). 
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Cooling chambers are usually made to supply hot air by 
either temporary or permanent flues. As the air entering these 
chambers becomes heated it rises, and such flues are, therefore, 
usually placed near the top of the kiln. For temporary flues this 
is the best position, but permanent ones should be built as low as 



Fig. 188.—Top stoves in use. 


possible in order to counteract the tendency to leakage caused 
by the greater movements of the upper parts of the kiln. 

Temporary Flues are usually made of sheet metal with an 
elbow at each end.' They are employed to connect the feed-holes 
of one of the cooling chambers with those of one newly filled, but 



I'lo. 189.—Temporary flue in use. 


as these chambers may be a considerable distance apart it is 
advantageous to construct a permanent flue the whole length of 
the kiln, and to connect this by means of two separate temporary 
pipes to the cooling and warming chambers respectively. It is 
then possible to avoid the elbows on the connecting pipe and to 
make it as shown in fig. 189. 

Some burners prefer to cover four feed-holes, and for this pur- 
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pose provide a square, bottomless box at one or both ends of the 
connecting tube. 

The chief objection to temporary metal flues is the serious 
reduction of the temperature of the gases passing through them 
owing to the loss of heat by radiation. A minor difficulty is the 
tendency of the warm air to remain in the top of the kiln, instead 
of distributing itself evenly as it does when introduced near the 
bottom of the cliamber. 

Permanent Flues are constructed of luickwork and are an in¬ 
tegral part of the kiln. The loss of heat by radiation is much less 
than with metal pipes, but tlie chance of leakage is much greater, 
particularly if the flues are in the upper part of the kiln where 
the movement due to expansion and contraction is greatest. 

One of the earliest arrangements of ])ermanent flues for the 
supply of hot air is that devised by Dannenberg, and shown 
diagrammatically in fig. 190 in whicii A represents the cooling 



Fid. 190.—Dannenberg’s kiln. 


chamber and B the one to be heated. Air enters chamber A 
through any suitable opening and becoming heated it rises, passes 
through a series of openings in the roof, and through a transverse 
flue to the main hot-air duct (c). It passes along this till it 
reaches a point near to chamber B, where it enters another trans¬ 
verse diict and is drawn down through openings in the roof of 
the chandler, jiassing out tlirough the floor and the main flue D 
to the chimney. It is convenient to use the feed-holes as open¬ 
ings in the roof of the chamliers, but care must be taken that no 
coal outers the cross flues. 

Owing to the tendency of hot air to distribute itself badly 
through a chamber to be heated in this way, better results will 
be obtained by the addition of a down-take flue connectmg the 
main hot-air duct with the bottom of the kiln. The arrangement 
in fig. 191 shows this down-take flue. 

A better means of supplying hot air is that used in the 
■“Vaughan” kiln (fig. 192) in which a flue is constructed immedl- 

18 
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ately over the arch'into which the air heated hy its contact with 
the bricks in chamber A rises and passes to-the centrally situated 
Hue running the whole length of the kiln. 

The hot air next passes through the down-take (also centrally 
situated) and under the floor of the chamber B, through the 
perforations in which it rises, and after drying and warming the 



, Flu. 1!)1.—Spittii'R hot-air flues. 

bricks is taken to the main flue. The ieiuiKWaturo of the an- 
entering chamber B (uin be regulated l)y the amount iillowed to 
pass down the down-take, and by admitting cold air through the 
external “ col(1*air valve,” placed at the left of the chamber. 
This is very valuable when heating delicati^ clays. Hot air can 
be used for aiding combustion by supplying it to the fuel on the 
grates, .as well as for warming newly set goods. 



Fra. 192.—Vaughan’s kiln. 


A similar arrangement, but using arched flues instead of a 
flat one, is used in the “ Manchester ” and “ Staffordshire ” kilns 
(fig. 193), but in these the hot air is collected through more 
openings and conveyed to a much larger central hot-air flue, 
which is situated in much the same place as that occupied by 
the “smoke flue” in fig. 192, about 6 ft. 6 in. above the floor 
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level. This flue is so placed that it is unlikely to be disturbed 
by the movement of the kiln during heating and cooling, and 
consequently it is not liable to leak. In both these kihis the 
hot air is taken by a flue leading from the bottom of the hot air 
flue (damper controlled) down the centre wall, and admitted 
through an opening in line with the grate at the end of the 
chamber, either over or under the bars. This, alone, is used for 



Fiu. 193.—Flue arrangement in “ Manchester” and “ Staffordshire ” kilns. 

starting the fires, and afterwards the hot air from tins flue, sup¬ 
plemented by air of atmospheric temperature, may be used for 
combustion purposes. The hot air is also admitted through 
openings in the toj) of the chamber, at points where, in practice, 
the vapour has shown any tendency to lingei-, and thus secures 
thorough circulation in every j)art of the chambers for drying. 
The moist gases formed during the stoving, and the combustion 



gases afterwards, are carried through (1) a damper-controlled 
flue leading from an opening in the outer wall of the chamber, 
and thence under the floor to the central large smoke flue, and 
(2) through openings into a flue running right across the centre 
of the chamber, with separate connexions to the main smoke flue. 

Slight modifications of the foregoing arrangements of flues are 
used by several other firms; a particularly ingenious system being 
employed in the “ English ” kiln used by the London Brick Co. 
at Fletton (fig. 194). In this, two hot-air flues run along the top 
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of the kiln, each being provided with a down-take to each chamber 
and an opening into the top of the cliamber. These openings 
are controlled by flat valves, and the whole coiistruction is such 
that no special valves aro needed for the hot air as distinct from 
the steam-exit flues. This kiln is, however, designed for burning 
only common bricks. 

Instead of heating the air in the upper part of the kiln it is 
taken from below the floor in Brown’s patent kiln, special flues 
(as a in fig. 184) being arranged for this purpose, so that the 
heated air may be used to supplement that from the cooling 
chambers in drying or warming the bricks, or it may be used to 
facilitate the combustion of the fuel on the grate. 

Chamber Kilns .—The down-draught principle has been applied 
to continuous kilns by several patentees, with a view to obtain¬ 
ing a better colour on the goods than is possible with the original 
Hoffmann kiln. Broadly speaking, all continuous kilns employ 
grates for the fuel work on the down-draught prineiide, though 
it is only in special instances that a bag- or flash-wall is 
erected between the grate and the goods to be heated. It is 
also more convenient for ordinary red bricks to remove the 
gases from the side rather than from below the sole of the kiln ; 
but these variations are only slight, and a careful study of the 
directions in which the heat travels in a modern continuous kiln 
will soon show the preponderance of an up- and down-draught, 
or as it is usually termed a “ down-draught ”. This is particu¬ 
larly the case in continuous kilns fired by gas. 

The advantages of the down-draught principle in single kilns 
have already been mentioned; the most important are evenness 
of heating, excellence of colour of the goods, and economy in fuel 
consumption. When applied to a continuous kiln this last ad¬ 
vantage is enormously increased whilst the others aro retained, 
and for this reason continuous kilns in which this principle is 
largely used will be found to be best for facing bricks, tiles, 
terra-cotta, and other work where colour is of importance and 
the output required is large. 

In order that the down-draught principle may be effectually 
applied it is necessary to divide the tunnel of the kiln into a 
number of chambers by means of partitions permanently erected 
in the kilns—whence the name “ chamber ” kilns. Various 
forms of partitions have been patented (especially on the Contin¬ 
ent) but they may all be classed under one of the following 
heads:— 
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(a) Solid waUs with no openings. 

(b) Walls with openings uncontrolled by dampers. 

(c) Walls with openings controlled by iron, fire-brick, or paper 
dampers. 

Solid partition walls having no openings in them to the next 
chamber, are claimed to have been first introduced by several 
different persons, and the true originator is unknown. In most 
cases the connexion between the chambers is made by flues 
under the walls—a method which is open to the objection of 
great friction in the passage of the gases, as it is difficult to 
construct such flues of a sufficient size without enormously 
increasing the cost of tlio kiln. This method of separating the 
chambers is not much used in England but on the Continent it 
has met with considerable favour. British brickmakors prefer 
to use small underground flues for the supply of hot air, and to 
leave openings in the jiartition walls which can be closed by 
dampers when required. 

Iron dampers are easy to ])lace in position when new, but are 
apt to warp and become troublesome after some time, so that 
j)apor dampers are often preferred for partition work. 

Fire-clay dampers are excellent, if luoperly designed, but are 
heavy to hamlle. Some, good types liave been used in kilns 
working as high as cone 17. A satisfactory damper may bo made 
of slabs 12 in. high and 2 in. thick, the iron bolts holding 
them being placed in the centre and so fully protected from the 
heat. 

l'ai)er dampers consist of sheets of suitalile paper pasted 
over the openings with a little clay slip to which some dextrin 
has been addl'd, and in addition to lioing very cheap and easy 
to fix, they have the advantage of removing themselves auto- 
maticall}' when the kiln is sufficiently hot to burn them. 

The paper used should be sufficiently thin to be cheap, l>ut 
must be as free as ymssiblo from pin-holes. A light grade of 
brown I'aper is usually best, being stronger than newspajier and, 
if carefully selected, less porous. It can usually be obtained in 
rolls of a convenient size weighing 1 cwt., and measuring -lu to 75 
in. wide. 

Toughness and resistance to water are necessary, as otlier- 
wise the jiaper would tear readily and the damper might break 
at a critical moment if sodden witli condensed moisttiro from 
the bricks. \Vhen the openings to be covered are, too large for 
a single piece of jiaper, the pieces used should overlap by 2 in.. 
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the joints being W€>11 fastened with flour-paste, as leaky joints are 
a frequent source of trouWe. 

• Further details as to the use of these dampers are described 
in the section on “ Setting 

The use of permanent partition walls greatly improves the 
quality of the bricks produced, and enables the chambers to be 
worked more or less independently when the supply of bricks is 
irregular, but kilns in which such walls are employed cannot be 
so economical in fuel as the original Hoffmann kiln, as the heat 
spent in raising the temperature of these walls is entirely wasted. 
Many attempts have been made to substitute portions of the 
walling by various other materials with greater or loss success. 
The most satisfactory method is to leave considerable spaces in 
the walls, and cover thtvse by dampers, which can be destroyed 
or removed when it is no longer necessary to shut off a chamber 
from the rest, as when its contents have attained a temperature 



exceeding 120° C. When very wet bricks are to be dried in the 
kiln, two paper-dampers may be used with an air-space be¬ 
tween them, as suggested by F. Beyer, and working as follows :— 

Instead of setting the new bricks close to the paper-damper, 
as at present, two blades of bricks are omitted, leaving a space 
of about 2 ft. (fig. 195) which is only filled when the smoking of 
the chamber is complete. When the chamber is filled, paper- 
dampers are fixed to each end of the blades of bricks, and as 
there is a space of 2 ft. between these daitipers there is ample 
room for the burner to step in and examine them as to their 
tightness during the smoking, and to repair them if necessary. 

As a current of air plays on one side of the paper, this resists 
the action of the heat and the moisture much better than the 
ordinary form of paper-damper, which is equally heated on both 
sides, and prevents it collapsing before the proper time. 

When the chamber is completely.smoked and^ready to beput 
into the direct round of the kiln, the space between the dampers 








KILNS 


279 


is filled with bricks which have been previously dried, or it may 
even be left empty, if preferred, without in any way interfering 
with the working of the kiln, providing the outer wall is bricked 
up. The accompanying diagram (fig. 195) shows the position 
of the papers, as well as the portions of the kiln filled up with 
dry bricks, and included in the^regular run of the firing. 

Steam is produced in large quantities in most kilns, as it is 
seldom that all the water is dried out of the bricks. This is 
particularly the case with bricks made by the stiff-plastic pro- 
cess and set direct into the kiln ; many of these will lose one- 
seventh of their weight on burning, and the greater part of this 
loss will occur below a red heat. For this reason the removal 
of steam is an important feature of all the>best continuous kilns, 
and they contain special arrangements for this purpose. 

As already pointed out, it is usually necessary to use some 
supplementary method of heating, such as hot air, or wicket-fires, 
to remove moisture from the goods and to raise their tempera¬ 
ture to at least 120° C. During this heating large volumes of steam 
are produced, and if these come into contact with cooler bricks 
condensation occurs and the bricks may be spoiled. It is there¬ 
fore essential to remove the steam as rapidly and completely as 
possible after it has been produced. 

A common method of doing this is to open the feed-holes in 
the chamber in which the steam is formed, so that it may escape 
through them, but this is only a rough-and-ready method and 
unsuitable for many purposes, and in the better kilns some 
system of steam-flues is provided. 

When unusually dry goods are being fired, the opening lead¬ 
ing from each chamber to the main flue may be used, but for 
wet bricks this is too small, or so far removed that condensation 
would occur in the bricks in the remoter parts of the chamber, 
and subsidiary flues are then essential. 

The position of these flues depends upon the direction in 
which the heat and steam are expected to travel, some burners 
preferring it to travel upwards and others downwards. The 
former use wicket-fires or stoves (figs. 185 'and 186) near the 
ground level, or introduce warm air from other parts of the kiln 
to below the floor of the chamber to be warmed (fig. 191), whilst 
others use portable stoves fitting into the feed-holes in the roof 
of the chamber or flues which introduce warm air at just below 
the top of the arch (fig. 187), and others again introduce the heat 
at or near the ground level and withdraw the steam at the same 
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level, a sufficient number of flues being used to cany off the 
steam to the main flue (figs. 196 and 197). 



Fin. 190.—Jlryinj; and removing steam at one level. 

It is essential tlint some construction lie chosen which will 
permit the heat in the chamlier to liejdistributed as evenly as 

possible and will avoid 
large “dead spaces,” 
though some amount of 
dead space (fig. 189) is 
unavoidable in almost 
every kiln. 

A simple form of 
steam-flue (fig. 198) may 
lie constructed by build¬ 
ing a flue under the kiln 
floor and connecting it 
to a small flue in the 
outer wall of oaiffi 
chauilier, and controlled 
Fin. 197.—Drying and removing steam at ilooi l>y a flat sliding damper 

(a). 'I'lie main Hue {//) 
is, in this case, shown in ttie centre of the kiln. 

W. H. Serconibe, in the kiln known ly his name (fig. 199), 
uses a similar construction for the main fire-gases, but provides, 
in addition, one or more steam outlets in the upper ])art of tho 
kiln above tho arch, so that each chamlier has four or more 
steam outlets. 

In the “Manchester,” “Staflbrdshire,” <ind Vaughan kilns 
also, the steam can be taken out from above or below, or bot.h, as 
desired (see pp. 27.6 and 298). 
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The value of a flue-systeui for removing the steam may he 
judged by the shortness of the distance tlio steam has to travel 
before it is removed from the chaml)er. When hot, steam is 
lighter than air and may best l)e removed from the top, but 
when near the condensation point it should be taken away from 
near the bottom of the chamber, hence two sets of openings or 
flues arc needed for its efficient removal. 



The draught of a kiln is usually produced by means of one or 
more chimneys, and providing these are of ample size and are 
in good order their use is satisfactory for most brick-yards. 
Chimneys are, however, subject to variations in drawing power 
owing to climatic changes, and it is sometiiiies diflicult to work 
steadily with them. 



In an ideal chimney the weight of gases drawn through it 
varies as the square root of its height, i.e. each adde<l unit of 
length increases the draught, but to a less extent than its jire- 
decessors, so that by doubling the height of a chimney the weight 
of air drawn is only two or one and a half times the original 
amount. 

If the sectional area of the chimney is increased proportion¬ 
ately, so as to double the cross-section, the draught is doubled. 
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Unfortunately it ie not usually possible to enlarge the area of a 
chimney without first pulling it down. 

The temperature of the gases passing through the chimney 
is increased until a mean internal temperature of 300° C. is 
reached. Above this temperature the velocity of the gases does 
not increase with increase of temperature, and there is no ad¬ 
vantage to be gained l)y allowing gases to pass to the chimney 
at a higher temperature than will give this average inside the 
chimney. 

A thermometer placed at the l)ase of the chimney, and read 
occasionally, ensures the prevention of waste heat passing to the 
chimney in unnecessarily large quantities. As the gases at the 
base of a chimney are hotter than those at the top this ther¬ 
mometer should never indicate a temperature of 500° C., and 
lower temperatures are'better if the temperature at the top of 
the chimney can be ascertained'and ths'ineaii'internal tempera- 
ture calculated therefrom. 



Fw. 200.—Diagram of chimney draught. 


When a fan is used, the gases may be cooled to 150° C. (but 
not lower) so that the advantage derived from the use of a fan 
lies chiefly in its ability to create a greater and steadier draught 
rather than in its actual economy of working as compared 
with an ideal chimney. Unfortunately few brickworks’ chimneys 
approach the ideal. 

In an ordinary single kiln the products of combustion are 
cooled by the bricks to be burned until these attain a high tem- 
peratuie, when the gases escape in a heated condition. Such 
conditions are more favourable to a chimney than to a fan, unless 
the gases are passed into another kiln or a dryer. 

In a continuous kiln, on the contrary, the object of the burner 
is to use all the available heat in the gases, and a fan is then 
preferable, as otherwise an abnorinally high chimney would be 
required to obtain the best results. J. W. Cobb has shown that the 
effect of using chimney draught, and mechanical draught on the 
same kiln may be shown diagrammatically as in fig. 200, iii which 
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the dotted lino marks the assumed distribution of temperature 
along the length of the kiln when the chimney is producing the 
draught. On putting a fan Into use and raising the draught the 
•quantity of air drawn is increased, and in order to neutralize the 
cooling effect of the excess of air the rate of feeding in the coal 
must he also increased. Two effects follow: in the first place 
the temperature curve is flattened; this necessitates more 
■chambers in use, and shows that the usable draught is limited 
by the number of chambers in the kiln. In the second place the 
peak of the temperature curve travels more quickly along the 
kiln, the chambers are burned more quickly, and the output 
increased. The increase in output can be effected with economy 
by increasing the draught until the limit is reached which the 
size of the kiln determines; beyond this,, higher draught means 
waste of fuel. It would be wrong to ajiply a fan to increasing 
the output of a kiln which has already as few chambers as will 
work well with natural draught, but by increasing the draught 
up to the maximum so determined, economy is effected, be¬ 
cause the radiation and conduction tosses from the kiln remain 
•constant, and so can be made to bear a smaller ratio to the total 
heat used. 

Biihrer has made excellent use of this principle in connexion 
with the kilns of his name (fig. 208). 

For the reasons just given, in the case of continuous kilns, 
mechanical draught is replacing that obtained by means of a 
chimney and (erroneously) termed “ natural ” draught, a fan be¬ 
ing substituted for the chimney. When rightly designed and 
properly cared for, fans give a more powerful draught and one 
which can be more easily and accurately regulated even in the 
windiest weather, and the result of this steadier working gener¬ 
ally loads to a consideralde economy in fuel, because there is no 
waiting ” until a sufficient draught is produced; as is frequently 
the case with a chimney. They also cost less to construct than 
a chimney, but this advantage is to some extent neutralized by 
the cost of driving them, though the difference in running cost 
between a fan and a. chimney is not so great as is popularly 
supposed. 

Owing to the general structure of continuous kilns an induced 
draught fan is preferable to a blower. Several fans very suitable 
for brick-) )uruing are now on the market, the best known being 
those made by Matthews & Yates, Ltd. (fig. 201); Sutcliffe Ventil¬ 
ating and Drying Co. (figs. 202 and 203); Sturtevant Engineering 
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• Fio. 201.—Matthews & Yales fan. 
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. Co., Ltd. (fig. 204); James Keith & Blackman Co., Ltd. (fig. 
206). 

The speed at whicli a fan is run should not be greater than 
that necessaiy to produce the required draught, as the power 
required to drive it increases as the cube of the speed. That is 
to'say, if the speed is doubled, eight times the power is required, 
or if the speed is trebled, twenty-seven times the power would 
bo necessary. In other words, small fans at high speed are not 
as economical as larger fans revolving more slowly. From this 
it follows that the best size of fan is one which at the lowest 
speed will be sufiicieutly large to produce tlie necessary draught 
in the kilns. Fans with inlets on both sides are generally 
considered to be better than those with one inlet only, but 



Fio. 203.—Plan showing connexion of fan, kilns, and dryer. 


the difference is not very great if the fan is properly designed, 
well mounted, and of sullicient size. 

The construction of the fan should be as simple as possible 
in order that it may not easily get out of order, or cause un¬ 
necessary delay in waiting for special repairers; but the designing 
and erection of both chimneys and fans must, to a large extent, be 
left to those accustomed to this kind of work, for the experience 
necessary to successful working is only obtained as the result of 
years of practical application. 

It is always wise to install two fans and to run them alter¬ 
nately, so that in the event of a breakdown the second fan may 
be available, though in a good continuous kiln little or no 
damage will be done before the fan can be repaired if only one 
is used, providing the dampers of the kiln are kept closed. The 
fans may be driven direct from a small engine attached to 




286 


MODERN BRICKMAKING 



them (fig. 206 ) or a belt may be used. The separate engine 
has the advantage that it can be run at night and on Sundays 


Fifl. 204.—Sturtevant fan. 

and holidays without the necessity of kegiing other machinery 
in motion. On these occasions they are looked after by the 
burners. 

tans can lie worked without any chimney, but it is better to' 
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allow them to discharge their contents 
preferred they may discharge into the 
tubes or flues of a dryer, though when 
this is done care must be taken that 
the gases do not come into contact 
with the goods to be dried or the bricks 
may be discoloured. 

Fans are largely composed of metal; 
they must not come into contact with 
very hot gases, though a temj>erature 
of 200° C. will seldom do much harm. 
Unless it is unusxially short no con¬ 
tinuous kiln should discharge its gases 
at a higher temperature than this. 


into a short stack, or, if 



Fia. 205.—Blaokmftn (an. 
■^iith single intermittent 



Flo. 206.~ButoliSe’s aeli-oontained engine, boiler, and Ian. 
kilns the gases may first be drawn through a dryer (fig. 207). 
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The increased draught obtainable when a fan is used enables 
the firing to be carried out more rapidly, and in some cases more 
than thrice the normal output of a kiln may be obtained by 
this means. Some of the best work in this connexion has been 
done by Jacob Buhrer, of Constance, who regularly burns at the 
unusual rate of 4 linear feet per hour in his patent kiln. As 
such a rapid rate of burning demands a great length of kiln or 
fire-travel, it is necessary to make each chamber correspondingly 
narrower than usual, and to avoid any inconvenience caused by 

KIIjN 



Fi«. 207.—Kiln connected to dryer. 

the unusual length of kiln if it were to be l)uilt on the usual 
plan, Bvilirer arranges his chambers as shown in fig. 208. 

This enables him to work witli a large number of chamlters 
(on a length of 25 yds.) in eacli section—steaming, full fire, and 
cooling—and so produces excellent results even with many 
delicate clays, though his kiln is best adapted for sandy clays of 
an open texture. A typical brick-plant worked on this system 
has a kiln tunnel 2 yds. wide, 2^ yds. high, and 100 yds. in length, 
and an artificial dryer comprising twenty chambers, 7 yds. long, 
2 yds. wide, and 2| yds. high, the draught controlled by a fan 
utilizing 10 h.p. running night.and day, and produces 10,000,000 
bricks annually. 
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The dryer is placed neiir to the kihi, so that heat radiated 
from the latter may be used in the former. 


J. Osman & Co., Ltd., 
have recently introduced a 
similar kiln termed the 
“ Excelsior ’’ (fig. 209), for 
which they claim an out¬ 
put of 120,000 bricks per 
week in a kiln measuring 
only 66 ft. by 60 ft. the 
capacity for increased out¬ 
put without structural al¬ 
terations, and that it is 
cheaper to erect than any 
other continuous kiln on 
the market though at the 
time of writing no kiln of 
this design has been built. 

There is no reason to 
doubt that as soon as 
British brickmakers have 
realized the advantages to 
be derived from the use of 
mechanical drauglit, they 
will employ fans in plain' 
of the present chimneys; 
for continuous kilns the 
firms who have already 
overcome the trifling dilli- 
culties which occyr when 
any change of method is 
used in a works are highly 
satisfied with the inlI)ro^’e- 
ments and economies re¬ 
sulting in the use of 
draught produced by a fan. 



Quite apart from any other con¬ 
sideration, the increased regularity in the heating of the kiln is 
more than sufficient to pay for the installation of a suitable fan. 

Some firms have met with difficulties owing to their fans 
getting out of order. These arise most frequently when only 
one fan is used, and for this reason two should be installed and 
run alternately, or one may be used for the boiler fire and the 

19 
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other for the kiln if each is capable of taking care of both in 
case one fun should get out of order. It will then be found that 
the difficulties experienced in the use of fans will be less than 
the damage done to bricks liy the climatic effects on a chimney 
and by having to let the kiln “ soak " because the wind is in the 
wrong quarter. 

Having thus outlined the main features of the best modern 
continuous kilns, five typical ones may be described. The first 
is a modern Hoffmann kiln in which the main features of 
the original pattern are retained, but which has been altered in 
shape. This is suitable for common bricks. 

The second has given remarkaldy satisfactory resttlts in the 



production of best facing bricks where colour is of great im 
portance. This kiln may tilso l)e usedd'or fire-bricks and othei 
goods requiring a high temperature. It is a typical chamber kiln 

The third is a kiln specially designed for burning blue bricki 
and has proved highly satisfactory for this purpose. 

The fourth is a tunnel kiln in which the goods travel along ii 
cars, the various parts of the kiln each remaining at a definit( 
temperature. 

The fifth is a gas-fired kiln. 

In thus selecting one design in jireference to others thi 
author’s sole aim has been to choose the ones which, in hii 
opinion, contain the best features and fewest objectionable quali 
ties. He holds no brief for the particular kilns described and ha 
no financial interest in their success, but having found then 
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succeed where others have failed, and having studied all the best- 
known kilns with equal care, he has selected these as represent- 
ing, in his mind, the simplest and best design for the purpose yet 
published. Those brickmakers who are interested in other kilns 
may compare them with the ones described with considerable 
interest. 

A modern continuous kiln with sixteen chambers, for pro¬ 
ducing common bricks, is shown in figs. 210 and 211. This kiln is 



Fm. 210.—Section o£ modem Hoffmann kiln. 



Fin. 211.—CrosB eeotion of modern Hoff¬ 
mann kiln. 


the one last recommended by Frederick Hoffmann, though there 
are numerous variations of this design used in different works. 
It consists of an elongated, endless tunnel or “ring” in which 
the bricks to be burned are 
placed, anil a central body 
of masonry fitted with flues 
connected to a chimney- 
stack. 

In former times only 
twelve chambers were used, 
and the kilns were circul.ar in pattern, but these are too short, 
and the shajie showu in fig. 212 is now almost universal. This 
pattern of kiln ciin be built for any desired output from 500,000 
bricks per annum upwards. 

In the Hoffmann kiln (figs. 210 and 211) the chimney is usuaUy 
placed ne.ar the centre, each part of the tunnel being connected 
to it by means of small flues discharging into a central main 
flue, which in its turn discharges into the chimney. 

These flues are represented by dotted lines in fig. 212, in which 
the chimney is built outside the kiln so as to avoid the necessity 
of so massive a block of masonry within the kiln itself. The 
older types of Hoffmann kiln (fig. 182) had all the flues arranged 
on the central wall of the kiln, but in the one shown two flues 
arc arranged for each chamber at the end of the kiln—one on 
the outer wall, and one in the inner masonry. The additional 
flue is useful in reducing the friction of the flue-gases and in 
distributing the heat more evenly in these parts of the kiln (in- 
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cidentally it may be noted that W. H. Sercombe uses this ar¬ 
rangement in each chamber and not only at the ends). 



These flues are con¬ 
trolled by conical dampers 
to which are attached 
vertical iron rods operated 
from the top of the kiln. 
The extent to which the 
dampers are opened is 
usually regulated by a 
board or “ horse ” with 
holes in it, pegs fixed in 
the holes passing through 
a ring at the other end of 
the damper rod. This ar¬ 
rangement is clumsy, and 
far easier regulation is 
obtained if the damper- 
rod is surrounded by a 
collar as shown in fig. 21 ;i 
working on a hinge in 
such a manner that on 
lifting, the rod can be 
raised easily, but it will 
not sink unless the collar 
be kept perfectly level by 
depressmg the “ step ” on 
the other side of the hinge 
with the foot. Damper-rod 
holders of this typo can 
be obtained very cheaply 
from T. Burnett & Co.,Ltd., 
Doncaster. 


The fuel is fed into the 
kiln through holes in the top into hollow piUars formed of 
green bricks when the kiln is being set, the preliminary warming 
of the goods being effected by hot air drawn from the cooling 
bricks and conveyed by a hot-air flue in the centre of the kiln 
and above the main flue, and by a temporary metal flue (m) 
to the portion of the kiln to be heated. Other arrangements for 
the supply of hot air have already been described (p. 272). 

The kiln is provided with sixteen wickets or door-gaps through 
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which the goods enter and leave the kiln. These wickets are 
built up as soon as the portion of the kiln nearest to them has 
been filled. As it is essential that no air should leak through 
these, the brickwork used to flU them is thickly plastered with 
clay paste or “ daub ”. 

The fire travels steadily forward around the kiln, the gases 
passing through a sufficient number 
of ))ricks to utilize the greater part 
of the heat they contain, and'the i 
heat from the finished bricks being 
utilized to dry freshly set ones by 
means of the hot-air Hues already 
described. 

As originally designed, no hot¬ 
air flue was used in the Hoffmann 
kiln, though few are now built 
without some moans of using the 
liot air from the cooling chambers. 

J. Osman & Co. claim that the use of 213.-Clttmp for damper rod. 

this hot air in their kiln “ effects a saving of 40 per cent 
of fuel over and above the ordinary (i.e. original) Hoffmann 
kiln,” and other modern kiln-builders make similar statements, 
but the saving effected is the result of several factors and not 
merely to the use of hot air. The Osman “ New Perfect ” kiln 
is practically a Hoffmann kiln similar to the one shown in 
figs. 211 and 212, but the hot air is conveyed through permanent 
hot-air flues placed in the upper part of the kiln instead of 
through temporary ones, in a manner similar to fig. 189, except 
that the hot-air flue is placed centrally in the kiln and the main 
or smoke flue is below the ground level on,the circumference 
of the kiln. As already pointed out, the weakness of this ar¬ 
rangement is the liability to leakage due to the movement of 
the kiln, and to avoid this J. Osman & Co. are now placing 
their hot-air flue much lower than formerly, and are admitting 
the air to the bottom of the chambers to be warmed, its steam 
escaping through an up-draught flue connected to the main 
flue. 

The progress of the fire depends upon the speed at which the 
clay can be heated and cooled; the usual rate is 6 in. to 1 ft. 
per hour, but if the kiln is sufficiently long and well managed 
double this rate should be reached with normal clays. By the 
use of a mechanical draught J. Buhrer is able to use a rate of 
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fire-travel four or five times as fast as that usually employed 

(p. 288). 

The tunnel should be as long as possible, the width being not 
more than 16 ft. and preferably much narrower. 

The walls and other masonry must be strong and well built 
of good materials. Several kilns known to the author are scarcely 
fit to use, though they have only been erected a few years, 
through failing to comply with these requirements. Hrickmakers 
should remember, in comparing tenders for a kiln, that the 
.cheapest is often the least durable. 

For ordinary use the kiln may be built of any good bricks, 
but for unusually high temperatures a fire-lndck lining is 
necessary. The arches and door-jambs should be built with 
special made arched bpcks and bull-noses respectively. The 
foundation of the kiln must be dry, or a special bed constructed, 
as a damp floor causes a great waste of fuel. 

The upper part of the tunnel or ring is usually arched (as 
shown), but it may be replaced by a temporary layer of ashes if 
required. The arches add considerably to the cost of erection, 
but are permanent; the ash-layer top costs but little, but must 
be renewed each time a chamber is filled. Hence for temporary 
work an “ archless ” kiln is to be preferred, but if the kiln is to 
be used for several years the usual form will prove to be more 
satisfactory, especially where better class bricks are required. 

The construction of archless kilns of the semi-continuous 
type was patented by Bull in 1876 and of the continuous type 
by Bock (in Germany) in 1896. The first of these has long been 
used in India and China, in spite of several disadvantages in¬ 
volved in the use of the movable chimneys it employs. 

Several British patents have been taken oiit for “ archless ” 
continuous kilns, one of the most satisfactory being that of H. 
Harrison, Manchester. In this kiln the door-gaps or wickets 
are sufficiently wide for a horse and cart to enter, and the bricks 
are loaded direct. As the ash-layer forming the roof can be 
removed in a few minutes the kiln can be emptied easily and 
rapidly, as it cools more readily than the arched form. When 
a new chamber has been filled with' bricks a layer of burned 
bricks laid close together is placed on the top, the usual “ pot ” 
holes being left for feeding in the fuel, and the whole is covered 
to a depth of 4 in. to 6 in. with ashes. 

The cost of this work is very low, as it can lie done by two 
boys who can also do other work in the intervals. The comple- 
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tion of the firing of any part of the kiln can be seen by that 
portion of the “ roof ” being lower than that on the insufficiently 
fired portions. 

The Harrison kiln also differs from the ordinary Hoffmann 
kiln in the disposition of the flues, the main flue running along 
two sides of the kiln (as in fig. 220) instead of down the centre, 
and in the use of a fan. 

All continuous kilns should be covered with a wooden and 
glass roof, the space between this and the kiln being match- 
boarded and fitted with doors for ventilation. The roof not only 
afibrds ample protection for the workman, but, by keeping the 
fuel and top of the kiln dry, it reduces fuel consumption and 



Fki. 214—Dryer built around kiln. 

increases the durability of the iirches. The cost of such a roof 
is often regarded as an unnecessary expenditure; but it will be 
found that it is really economical to have a good one erected. 

In Germany it is customary to surround the kiln with a 
dryer (fig. 214), but this arrangement is not much used in 
Great Britain. 

If properly constructed, a kiln of the type just described 
should burn 1000 ordinary bricks with a maximum of 4^ cwt. of 
good coal, but with certain shales loss than half this will be re¬ 
quired. The fuel consumption of some patent continuous kilns 
is seriously understated. 

For very large Kilns with twenty-eight or more chambers two 
indejiendent fires and two chimneys (fig. 215) are often used 
and considerable economy is thereby realized. 
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The ordinary Hoffmann kiln is not suitable for the produc¬ 
tion of more than 60 per,cent facing bricks, and for bricks con¬ 
taining much combustible matter; for both these kinds of bricks 
chamber kilns (p. 276) should be used. 

The “Staffordshire” kiln (figs. 193, and 215 to 217) is emin¬ 
ently adapted for the production of best facing bricks, as it is a 
chamber kiln employing grates so as to keep the fuel out of con¬ 
tact with the goods, and has ample facilities for using hot air 
and for the removal of steam. This kiln, patented by Dean, 
Hetherington & Co., must not ho confused with the ordinary 
pottery kiln used in North Staffordshire, although such mistake 
is natural, considering the title of the newer kiln. 

The means of supplying hot and cold air to different parts of 



the kiln are much more complete in it than in any kiln yet 
built, and, as only one face of fire is used in each chanvber, this 
kiln is capable, under good management, of giving results equal 
to the best down-draught kilns with a coal consumption as small 
as in continuous kilns. This is brought,about by the combina¬ 
tion, in a continuous kiln, of dampfir-controlled passages leading 
from the outer air to Hues under the fire-grates in the bottom of 
the kiln in each chamber, as shown in the illustrations (figs. 193, 
216 and 217), and of similar flues leading from the hot-air flues 
and from the outer air in such a way that, by appropriate con¬ 
nexions, air of any desired temperature and in any desired volume 
may be admitted to any part of the kiln. The ordinary diffi¬ 
culties experienced in connexion with warped dampets are also 
to a largo extent eliminated by their position and shaT)e. 
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By suitably working the dampers the following results may be 
obtained;— 

(a) By opening dampers 11 and 18 the whole or part of the 
hot air from the finished or cooling chambers may be admitted to 
the chambers containing the freshly set goods, and the steam 
resulting from the heating of these goods led away from the top 
through Hues 7 and 3 to the chimney. 

(b) By opening the dampers 16 of the flue 13 hot air from 
flue 5 may bo led under the grates 14 to develop the highest 
possible-temperature in the finishing cliamber, or to distribute 
hot air uniformly from the hot-air flue 5 to a chamber contain¬ 
ing green goods. 



Section on line DD in fig 216. 



Section on line CC in fig. 210. 

Fio. 217.—Cross sections of ** Staffordshire” kiln. 


(c) The admission of cold air to a cooling chamber is kept 
under perfect control by means of dampers 18 and flues 17. 

(d) The temperature of hot air entering a hot chamber from 
one that is cooling may be perfectly regulated ))y the admission 
of air through flues 17 and 19. 

(e) The volume of air admitted through the various flues 
allows a nice adjustment for reducing and oxidizing atmosphere. 

(/) The fire and hot gases may pass from chamber to 
chamber, through openings 10, whilst cold air only is admitted 
to the under side of the gi-ates 14 through flues 17. 

(g) Any chamber can be completely sealed by closing all the 
dampers, thus allowing of good annealing. This arrangement is 
also of great value where the goods arc liable to catch fire spon¬ 
taneously. 
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Some further particulars of the hot-air flues will be found 
on p. 274. It will thus be seen that in this kiln the whole of 
the hot air from such cooling chambers is taken direct to the 
main central hot-air flue, and can thus be admitted into any 
chamber in any part of the kiln. 

The air for combustion purposes, independently of that sup¬ 
plied from the hot-air flue, is admitted at each end of the 
chamlier, through dampered openings in the top; thus becoming 
heated on its journey to the grate. The temperature of this hot 
air can be further regulated by air admitted through a flue, lead¬ 
ing from the outside to directly under the fire bars. 

The flues of the “ Manchester ” kiln are similar and are so 



arranged that certain of them can be equally easily used for the 
collection of hot air, or for carrying away the steam as in the 
“ English ” kiln (figs. 194 and 218). The hot air is admitted into 
the chambers both at the floor level and through openings in 
the top. 

In order to adapt them to the special characteristics of 
certain clays, the kilns built often difler in minor particulars 
from the description just given. 

Most chamber kilns—the type most suited for use where facing 
bricks are to be made—are built with arches running trans¬ 
versely to the travel of the fire. This has the disadvantage of 
losing a certain amount of heat owing to the additional masonry, 
ijut it enables the chambers to be built of almost any size and 
mucli larger than is practicable where the arch is longitudinal, 
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when 18 ft. is the maximum width. The travel of the fire is also 
more regular in kilns with transverse arches. The London Brick 
Co., of Fletton, use what is known as the “English” kiln, the 
chief feature of which is the ingenious system of hot-air flues. 
These are placed in two parallel rows on top of the arches, the 
dampers taking the form of circular plates or lids (fig. 194), the 
position of which determines the direction of How and the amount 
of hot air allowed to enter or escape from any chamber. The fire- 
gases pass through openings in the wall betwetui the chambers 
(figs. 194 and 218). 

This kiln is not intended to produce facing bricks of first-class 
colour, but for use with certain shales it is found to give groat 
satisfaction, producing a great heat with a low consumption of 
fuel, the hot-air system lieing so arranged that very damp bricks 
can be set direct into the kiln. 

The foregoing kilns can be used at the high temperature 
xised in blue-brick and fire-brick making, but a special kiln for 
this purpose has a<lvantages, as by using two fires the chambers 
can l)e large and the waste of heat due to small chambers can 
be avoided. Kilns of this type are well known on the Continent, 
but in this country the only one which has proved successful is 
that i)atented by S. Barnett and K. J. Hadlingtoii, Dudley Port, 
Staffs, the essential features of which are (1) the use of trans¬ 
verse arches, (2) of two grates or fire-boxes to each chamber, and 
(3) the direct connecting flues between each chamber. Kilns very 
similar to this have been patented by G. Oakland and others, but 
they used one fire-trough, divided into a number of boxes or 
bags, in which the fuel is burned on a solid floor as in Guthrie’s 
patent, and the connecting flues are less suited for careful re¬ 
gulation at the higher temperatures necessary for blue -and fire¬ 
brick burning. 

The Barnett and Hadlingtoii kiln may be regarded as a series 
of separate chambers with a slight space between each; this 
space may be used to contain the connecting flues and dampers 
regulating the supply of air. Owing to the desirability of large 
chambers the arches are huilt transversely. The fuel is fed ex¬ 
clusively from the front of the chamber as in the Belgian 
kiln. 

The gases are not led directly through the partition walls of one 
chamber to another as in most continuous kilns, but pass through 
perforations in the floor (as in a down-draught kiln) and thence 
to the following chamber. The perforations in the floor are at 
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one side of the kiln, opposite to that at which the gases enter, 
but the main flue (through which pass the gases produced by 
the fuel on the grates within the chamber) is in the centre of 
the floor. 

The use of this second flue at the side of the chamber 
farthest from the point of entry of the gases is important, as it 
tends to produce a better distribution of the warming gases, 
whilst the centre flue is to be preferred when fuel is actually 
being burned on the grates, because it concentrates the efl'ect of 
the flames, and then distributes the gases evenly throughout 
the goods during the hottest part of the firing. In other words, 
this kiln utilizes the old idea of a grate at one end of a chamber 
and a flue at the other during the earlier part of the burning, 
but during the last forty-eight or fifty Ijours the heat from the 
two grates is concentrated by shutting ofl' the side flue and using 
the centre one. 

In this way, it is possible, in so far as respects the products 
of combustion of the fuel, to reach a very high efficiency in the 
transference of hc'ated air from one chamber to another, and 
the successful drawing off of the steam, and its conveyance to 
the smoke-shaft. 

Steam is removed and tlie goods dried with regeneratively 
heated air (partly from the cooling chainl>erB) which is also uti¬ 
lized for supplying hot air to increase the temperature of the 
chambers under fire, or to assist in starting the furnaces of a 
chamber into which fuel has just been jdacod. It is conveyed 
through four or more large openings in the sides of the chamber 
containing cooling goods, through flues running underneath the 
chambers and up through other flues (controlled by sliding 
dampers) to the fire-grates of the chamber where it is to be used. 
It is then drawn through a special set of flues into the main 
leading to the chimney-stack, so that if used for goods con¬ 
taining much moisture the steam produced does not come in 
contact with any other goods, but goes direct to the chimney. 

The additional air required for supporting the combustion of 
the fuel on the grates, or for completing the ignition of any im¬ 
perfectly consumed gases, is supplied partly through the grate 
bars (the ash-pit being then kept open to the air) and partly by 
means of a small flue connecting the space above the grate- 
bars with the hot-air flues from the cooling chambers, and also 
with the open air, this open-air port being controlled by a 
damper about 3 ft. from the ground. In this way any desired 
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mixture of hot and cold air may be supplied to the contents of 
a chamber. 

These apparently elaborate arrangements for controlling the 
air- and fuel-supply and the speed at which the burning takes 
place cannot be satisfactorily shown in one or two small illus¬ 
trations, but they are, in reality, far simi)hir than appears at first 
sight, and little difficulty is found in obtaining perfectly satis¬ 
factory vitrified blue bricks or well fired fire-bricks from this kiln. 
The accurate burning of th(! fuel is essential to the production of 
a good colour and a proper degree of density or vitrification, and 
the author has found that tiie dampers (even after several years’ 
constant use) work so accurately that the a])pearance of the 
flame of the hot gases in the chambers can altered with the 
greatest nicety, or snio|her(!(l out altogether by sim])ly moving 
the appropriate! dainjicrs. This sjieaks highly for the soundness 
of the construction, and the careful placing of the damiars 
where they will work effectively and b(> leasl. aifecteil with the 
heat. These dampers are ehielly in the form of slabs of fire¬ 
clay or of the usual (!onical pattern. The Bock, Diesener, and 
Mendheim kilns, which are greatly used in Germany, are ar¬ 
ranged on the same g(!neral princiide. 

Tunnel kilns are those in whj<’h llu' goods are placed on wag¬ 
ons and travel througli a heated tunnel, whereas in the ordinary 
continuous kiln tire heat travels whilst tlu! goods remain sta¬ 
tionary. Whilst very useful for light goods (pottery, etc.) tunnel 
kilns have not become poi)ulaT in this country, though numerous 
patents have been obtained. In Franc(>, several are in satisfac¬ 
tory use for brickmaking. 

The chief objections urged against them are the jolting of 
the goods on the cars and tlie difficulty in rt'pairing the kilns 
without stopping the works, but neither of these objections is as 
important as many brickmakers imagine, though the former is 
the more troublesome with tender clays. 

The great advantages of tunnel kilns are the absence of 
“ setting "—the bricks, being loaded on to the cars at the machine, 
remain on them until the drying and burning is complete—the 
small waste of fuel due to its all being delivered at one spot in¬ 
stead of over a larger area ns in tlu! ordinary continuous kiln, 
and the economy in fuel consumption which is fully equal to, if 
not greater than, that of the Hoffmann kiln. 

A tunnel kiln for bricks is shown in fig. 219, which represents 
a cross-section. The whole kiln should be at least twenty times 
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the length of a wagon. As tlie goods enter the kiln they are 
subjected to the heat of the waste gases, and as they pass out 
they give up their heat to 
the incoming air which, 
being pre-heated in this 
manner, eifects a better 
combustion of the fuel. 

In the Bock kiln, gas 
from a producer enters the 
central portion of the kiln, 
rises through the flues, and 
enters the burners where it 
meets with the pre-heated 
air in another chamber. 

The goods are placed on a. 
single (leek ear, tin! top of which is a fire-clay slab. It is essential 
to use gas as a fuel, as iji no other way can absolutely continu¬ 
ous heating without variations due to the removal of ashes be 
obtained. 

The chief difficulty to bo overcome is the effect of the intense 
heat on the wagon carrying the goods and on the brickwork in the 
hotter parts of the kiln. There is also a minor difficulty that air 
leaks between the sides of the wagon and the kiln, and prevents 
the proper heating of the goods. In spite of their advantages, tun¬ 
nel kilns are scarcely likely to become popular for brick-burning. 

Qas-fired contimums kilns have been known for many years, 
James Dunnachie havmg erected one at Glenboig in the year 
1881, yet many attempts have been made to apply gas to kilns 
which have resulted in d isastrous failures. Two principal reasons 
for these failures may be given: those attempting to use gas did 
not (1) know how to burn it, and (2) permit it to enter the kiln 
at the proper point. Subsidiary failures have been due to at¬ 
tempting to use cold instead of hot air for mixing with the gas, 
and other equally impractical ideas, the result of ignorance of 
the characteristics of the gas used. 

It is generally thought that gas-fired kilns are difficult to 
manage and that they effect an enormous economy in fuel. 
Neither of these ideas is correct. A properly constructed gas- 
fired kiln is quite‘easy to manage—the difficulty lies in the de¬ 
sign and not in the manipulation—and the fuel-consumption 
is practically the same as that of any equally well-designed coal- 
fired continuous kiln. 



Fig. 219.—^Bock’s ttinnel kiln. 
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The real advantages of gas are its greater cleanliness, the 
better colour obtained on the goods, greater regularity in heating, 
and, above all, the greater finishing temperature which can be 
reached when gas is used. This last is of the greatest impor¬ 
tance in fire-brick manufacture, though few British makers of 
refractory goods realize this fact. 

The number of designs of continuous gas-fired kilns is already 
very large, and it must, therefore, suffice to describe only three of 
the best known ones. A kiln built according to SchmatoUa’s 
designs has been described already (p. 257). It is much newer 
than the Mendheim and the Dunnachie kUns. The Mendheim 
kiln is a great improvement on some of the earlier designs, and 
is practically a series of down-draught kilns connected to each 
other, the gas being bjirned in “ bags ” at one side of each 
chamber, and the products of combustion, after distributing 
themselves through the chamber, pass away through perforations 
in the floor to the “ bag ” of the next chamber or to the main flue. 

In the most recent gas-fired kilns by G. Mendheim the gas 
enters at the four corners of each chamber and rises up the bag- 
walls, the product of combustion then passes out through a 
central opening in the floor which delivers them to the bags of 
the next chamber or to the main flue. This arrangement has 
the advaiitage of using a minimum number of dampers. 

The Mendheim kilns appear to be rapidly increasing in 
popularity on the Continent. 

The Dunnachie kiln has been chiefly used in connexion with 
fire-brick burning, though well adapt(^d for ordinary bricks, but 
it has not been the policy of the inventor to encourage the erec¬ 
tion of similar kilns in this country or in Scotland, and conse¬ 
quently the kiln, though well-known by name, is not familiar to 
more than a few privileged workers as regards its constructional 
details. Abroad (where the possibility of competition does not 
exist) a number of Dunnachie kilns have been built, and, when 
the original design has been closely followed, have proved quite 
successful and economical. It is, indeed, only to be regretted 
that more do not exist in this country. The Dunnachie kiln has 
a solid floor, thereby overcoming one of the greatest disadvan¬ 
tages of the Mendheim kiln, and the larger flues give a more 
satisfactory control as well as more rapid burning of the goods, 
and at the same time become much less easily choked. 

The gas producer used may be of any type supplying gas at a 
pressure of about one-hundredth of an atmosphere (4 in. water- 
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column), though at Glenhoig the Wilson producers are the ones 
actually used. 

The Dunnachie kiln presents a very difierent appearance to 
the ordinary continuous kiln because of the great distance 



Fw. 220.—Flan of Dunnachie kiln. 


between the two rows of chambers. In the ordinary coal-fired 
continuous kiln, with sixteen chambers, twelve are placed back 
to back close together, and the remaining four are placed two at 
each end of the others, so as to form a com])lete “ring In the 
Dunnachie kiln (fig. 220) on the other hand, there are only ten 

20 
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chambers placed iu two rows of five, and with a space of 20 ft. 
between them, the chambers at the end of each row being con¬ 
nected by underground flues (J and M). In the centre of this 
space the gas valves are arranged, and, if roofed in, the space 
forms a convenient room for drying goods, being kept warm by 
the heat radiated from the ends of the chambers, and the heat 
which would otherwise be lost by this arrangement of the kilns 
is made use of, to the general advantage of the works. If 
desired, the space above the kilns may also be roofed in, and 
used as a making and drying floor—a custom particularly common 
with continuous kilns in Germany, but not so popular in Great 
Britain. 

The chambers used at Glenboig have a capacity of about 
18,000 bricks and measure 17 ft. by 10^ ft. by 10^ ft. internally, 
and worked at ordinary Speed can produce an average output of 
400,000 fire-bricks a month. 

The chimney is placed at one end of tlieistructure, the main 
flue leading to it being placed around the sides, as shown in 
fig. 220. This plan necessitates some loss of heat iu the main 
flue, but as the gases passing through it are at a comparatively 
low temperature this is not considered to be of much importance, 
especially as the'chimney-draught can be accelerated to any re¬ 
quired extent by means of a fan. It is certainly better that the 
heat should be lost from the main chimney-flue rather than from 
the flues conveying hot gas to the kilns, which seems to be the 
only other alternative if the present simplicity of arrangement 
and accessibility of flues are to be maintained. Under such con¬ 
ditions a blower may be used instead of, or in addition to, the 
chimney- or fan-draught, but this requires care, or its use may 
become dangerous. 

“ Steaming ” or “ smoking ” of the goods is eft'ectually carried 
out by burning a small quantity of gas mixed with an abundance 
of cold air in the chambers to be smoked, or, if there is a suf¬ 
ficient supply, hot air from the cooling chambers is used. Dur¬ 
ing this “ steaming,” openings in the arched roof of the chambers 
^corresponding to the “ feed-holes ” in the ordinary kiln of the 
Hoffmann type) and the ports G (fig. 220), near the floor level of 
the kiln, are kept open until the whole of the steam has been 
removed, and the goods are distinctly hot; they aje then closed. 

The burning then commences by admitting gas at a tempera¬ 
ture of about 600° Fahr. from the producers through the flues R 
through valves A, hot air for its combustion being supplied at 
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the same time from the chamber which has just finished firing. 
It is the employment of the heat in the finished goods for heat¬ 
ing the air required for the combustion of the gas which consti¬ 
tutes the principal feature of the Dunnachie kiln, and is the chief 
cause of its success. This kiln was, in fact, the first in this country 
to combine the advantages gained by the use of gas as fuel with 
the “ regeneration ” of the air used for its combustion by means 
of the waste heat from the burned-off chambers. This principle 
of heat regeneration has been recognized for nearly a hundred 
years, and was applied with remarkable success in 1856 to the 
melting of steel by the late Sir F. Siemens, but the credit of its 
successful application to the^requirements of the clay industry 
must be given to Mr. James Dunnachie, who first employed it in 
the kiln now under consideration. For its application to single 
kilns see fig. 177. ' 

The air is heated in a nuinner very similar to that now 
emjdoye.d in most continuous kilns using coal, by drawing it 
through the chambers containing finished goods which are still 
very hot (in the case of fire-bricks of best quality the air is heated 
to a “ bine white heat ” before it comes in contact with the gase- 
miB fuel). It is conveyed from one chamber to another by 
openings in the floor of the chambers leading to a flue beneath, 
thence through slits in the brickwork to another flue, and thence 
through openings in the arched roof of this latter fine into a 
smaller fine, from which it passes at, or slightly helow, the floor 
level of the kiln into the next chamhor by means of a series of 
openings, the size of which is calculated so as to supply the 
correct proportion of air to the gas. (Usually the capacity of the 
air-openings is two and a half times that of the gas.) As these 
air-openings extend the whole length of the chamber also, even 
heating is thereby effected. 

The gas catches fire where it comes into contact with the air 
a litth! helow the floor level, and for some distance above it, the 
flame rising a considerable height in the chamber in huge sheets 
of a clear bright colour, and practically free from smoke if the 
air and gas are in the correct proportions. The products of 
combustion then pass through the following chambers, heating 
the bricks in them, until the heat left in the gases is so small as 
to be of little value, when they are turned into the main flue 
leading to the chimney. 

If, for any reason, a supply of air is re(iuired at a higher level 
than the floor of the kiln it can be supplied by opening dampers 
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in othor flues (not shown) which are so arranged as to supply hoti 
air from the preceding chambers or, by opening dampers at 
their ends, cold air can be supplied in any desired amount to 
the chambers. These flues are not generally required unless 
the firing in the burning chamber is not hot enough, or when the 
chamber is too hot and cold air must be supplied to prevent 
the bricks molting. 

All tliese air-flues and gas-flues are controlled by dampers 
and valves of a simple character, and the supply of hot air or 
(^old air and gas can be regulated witli the greatest nicety to the 
changing conditions of the kiln. 

The “round of the kiln ’’when burning fire-bricks is somewhat 
as follows:— 

No. 1 Chamber—Being emptied. No. 2 Chamber—Open and 
cooling. No. If C!haud)e]®—Red hot, being cooled by air su])plied 
through flue at its base, and carried on to No. -1 Chamber. No. 
4 Chamber—White hot, l)eing cooled by air from No. !f, which is 
Iiasserl on to No. 5. No. 5 Chamber—In full lire for 36 to 48 
hours, being siipjilied with hot gas from the producers and with 
“white liot” air from No. 4. No. 6 Chamber—Very hot, being 
heated by products of combustion from No. 5. No. 7 Chamber 
—11 eating up to red heat by gases from No. 6. No. 8 Chamber— 
Steaming for forty-caght hours. Filled with green bricks. No. 0 
Chamber-—Filling with green bricks. No. 10 Chandler—Bnqity, 
ready for filling. 

The cooling of each chamber takes aliout seventy-two hours, 
though varyingwith the nature of the goods. It can be accelerated 
by tlie use of a lilast of cold air blown into the top of the chamber 
during the last day of the cooling. 'The hot air thus obtained 
may be used for the kiln, any excess being employed for heating 
drying sheds, etc. 

Though essentially designed for the highest temperatures 
used in fire-brick making, the Dunnachie kiln can be equally 
well employed with common bricks, for salt glazing (in wdiich 
case a perforated floor is used so as to secure a draught inside as 
well as outside the goods), and for ordinary pottery purposes, 
though its advantages at lower temperatures are less important. 
For many purposes, though still capable of improvement, it is- 
undoubtedly the greatest advance in firing that has been made 
since the invention of the continuous kiln by Hoffmann, as the 
employment of gas at high temperatures greatly lessens the re¬ 
pairs needed by the kilns, and by reducing the labour necessary 
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for BupplyiiifT tho fuel it enables the number of men employed 
for a large number of kilns to be considerably reduced, and 
renders their work more accurate and under better control than 
when a coal-fired kiln is used. 

There is undoubtedly a great opening for the further applica¬ 
tion of gas to the burning of .all kinds of fire-bricks, and the suc¬ 
cess which has .attended the Dunnachie kiln ever since its 
introduction should give brickmakers an incentive to adapt 
their own kilns as far as possible, or to seriously consider the 
advisability of erecting fresh ones to be fired exclusively with 
gas. The reason why most firms are afraid to make the change 
is that they have heard or read of numerous and expensive 
failures to apply the gas properly to the kilns—due as already 
explained to the belief that it should be introduced near the top 
of the chambers—and are afraid to risk their own capital in a 
simil.ar venture. This is bad business, because it is looking at 
the subject from one side only instead of regarding it from every 
])oint of view. The fact that some kiln-builders recommend a 
certain class of kiln is not by .any means conclusive evidence 
that tlie facts which tell against their own invention .are by any 
moans fairly represented. This is where the advice of an en¬ 
tirely independent expert comes in, provided that one can be 
assured that he is independent. 

The success which is being obtained in the adaptation of gas 
to the firing of single kilns is drawing considerable attention to 
the subject of gas-firing generally, and the .application of this 
fuel to the general firing of refractory goods is only a matter of 
time. 

The construction of gas-producers requires special knowledge, 
and should not be .attempted by the briekmaker except under 
reliable supervision. The general principles involved can be 
le.arned from special books on the subject, but jwactical experi- 
en(!e is essential. 

The use of a gas-producer also requires a slight training, 
though when this is obtained the work is far easier than the 
ordinary stoking of kilns, and the temperature in the latter can 
be far more accurately and easily regulated. 

Miiffie kilns are used when it is necessary to keep the goods 
free from .all contact with flame or fire-gases. In brickmaking 
the use of muffles is confined to some glazed bricks and to the 
production of red bricks from certain Staffordshire marls. 

The usual form of muffle is an arched chamber placed in- 
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Side a Newcastle or similar type of kiln, this chamber or miiflle 



(fig. 221) being built on flues 
and with a space above and at 
each side. The front of the 
muffle is left open for filling, 
blit is closed with bricks plas¬ 
tered over with daub before 
the firing is commenced. The 
flame and fire-gases jilay all 
round the muffle, heating it 
evenly and yet keeping the 
goods free from ash, dust, and 
other harmful influences. 

Providing that an even 
heat is obtained, the shape 
of the muffle is unimportant, 
but the design already indi¬ 
cated is as simple and effi¬ 
cient as any. The waste gases 
from one muffle kiln may 
often be used to heat another 
in a manner precisely similar 
to that used in continuous 
chamber kilns. 


KILN CONSTRUCTION. 

Errors in kiln construction are often numerous and serious. 
A number of the most important ones are enumerated below 

General instability is a common feature of certain continuous 
kilns where the cost of erection has been reduced to below the 
proper limit as a result of excessive competition. This defect 
usually shows itself first by cracks in the outer walls and in the 
flues, though the former may be duo to a poor foundation rather 
than to indifferent workmanshij). It has already been ])ointod 
out that flues should not be built aliove the keystone of an arch 
if they run in the same direction as the arch itself, as the move¬ 
ments of the kiln during heating and cooling render this the 
most unstaide position in the whole structure. 

A form of economy often attempted is to fill large jiortions of 
the masonry with broken bricks, sand, or rubble. If well stamjted 
down these may be satisfactory, though properly laid brickwork 
is far better. Occasionally, burned clay or sand is used, but it is 
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apt to dry, leaving hollow spaces. Slag, though better than clay, 
is liable to contain unburnt material and so shrink on heating. 

The choice of bricks for different portions of the kilns is a matter 
requiring a considerable amount of attention, for it is just as 
foolish to use best refractory bricks where a lower grade material 
at half the price can be used with equal satisfaction, as it is to 
endeavour to save expense by using inferior bricks in those parts 
of the kiln which require to be most heat-resisting. By a little 
thought it is often possible to save considerably in the expense 
'of erecting new kilns, or repairing or altering old ones, if this 
careful choice of different bricks for different positions is made. 

The masonry used in the centre of most continuous kilns is 
a good example of a case where inferior bricks may be used, as 
they are heated but are not exposed to the action of the weather 
to any notable extent, and being usually well imbedded, onl}- 
need to have sufficient strength for their work, no regard being 
paid to their softness or general appearance. The external 



Fig. 222.— Wrong bond for bricks. Fio. 223.—Correct bond for bricks. 


work, and that which is subjected to heat, however, must be of 
best materials in order that it may stand the existing and prob¬ 
able strains and exposure without the least likelihood of failure. 

Of the brickwork which comes in contact with the fire it is 
scarcely necessary to say that it should be constructed of the 
best materials, and laid with as thin joints and in as skilful a 
manner as possible, a small extra cost in the erection more than 
repaying itself in the far greater length of time the work will Iasi 
as compared with badly built work of less refractory materials. 

Another defective arrangement, which is more often noticed 
in repair work than in a newly erected kihi, is the wrong bonding 
of the bricks. .This is carried out in such a way that instead of 
breaking joints with the courses above or below, the bricks arc 
so arranged that the joints coincide as in fig. 222, whereas they 
should be as in fig. 223. In this latter case not oidy is the bond 
better and the masonry stronger, but the effect of cracks in the 
jointing is much less serious, as these cracks do not extend 
nearly as far when the joints are broken as when they coincide. 
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The vwrtar used will v'iiry in composition according to the 
object of the brickwork. For the cooler portions of the work, 
where strength and not heat-resistance is needed, the use of 
ordinary lime-mortar is satisfactory, Imt for the more refractory 
portions the jointing materials should consist simply of a clay 
similar to that of which the bricks are made, mixed with water. 
Sometimes a little finely ground burned clay may be added to 
reduce the shrinkage of the mortar, Imt lime and other fluxes 
must be most carefully excluded where the masonry has to 
withstand groat heat. 

In the construction of a kiln foundation too mu(di care cannot 
l>o taken, as dampness drawn up into the kiln ))ccuuse of a defec¬ 
tive foundation is not only a source of loss of fuel, but may cause 
serious damage to the goods in the kiln. Bricks having a good 
colour and a clear “ring” cannot be economically oidained.with 
kilns which liave damp soles. 

It will ))e easily understood that the chimney-draught causes 
a very slight vacuum inside the kiln, so that any air, gas, or 
vapour outside it, whether below or above, will tend to rush in 
through any pores in the soil or masonry. The heat in the soil 
beneath evaporates the moisture which reaches it, and the 
vapour inevitably finds its way into the chambers. 

The eflect of this is seen on the goods nearest the floor, 
and a marked effect also is produced on the coal consumption. 
Scummed and unsound bricks result, in spite of all ordinary 
precautions against these defects. 

Brickmakers who have not studied the question carefully 
have no idea of the difference in the quality of the goods and 
the saving in fuel which results from properly draining a kiln, 
and the expense of installing a proper system of drainage is 
rapidly returned to the manufacturer who is enteiprising enough 
to ensure that all the water in the sole of his kiln is removed in a 
proper manner, instead of l)eing boileil out by heat which should 
be expended in firing the goods. 

In erecting new kilns it is seldom that suflieient attention is 
])aid to the removal of foundation water, although every kiln 
builder is fully aware of the necessity of properly draining the 
foundations of his kilns. In addition to this, most kilns are not 
used during the winter months, and in but few cases are proper 
means provided for the eflicient removal of rain-water from the 
kiln roof; it is generally allowed to run off anywhere, and most 
frequently finds its way into the ground immediately around the 
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kiln walls, (jonse(iuoi)tly, thf goods are of inferior quality, 
and require far more tlian the normal proportion of fuel, owing 
to the kiln and its foundations being soaked with water. 

ft is a good rule never to liuild a kiln on grouiul in whieh the 
eutisoil water is within 0 yds. of the surface unless a special 
insulation system is used. 

It is well known that the heat produced in firing a kiln not 
only rises to tlie upper parts of the kiln, but also sinks into the 
foundations, and it is not unusual to find that the first three 
rounds at tlie beginning of a new season produce goods which 
are inferior in quality, as it takes some time t)efore the heat can 
])enetrate to its normal dejith of :i to 4 j ds. into the ground. 

All the water present in the foundations of a kiln to a depth 
at whieh the temperature a.p})roaehes 100“ (.'. must be sooner or 
later evaiiorated and removed through t'ue flues, fan, or chimney 
of the kiln. Not only so, but when a higher temperature than 
this is present the temperature is lowered by the evaporation 
which takes place, thereby causing a serious loss of heat. 

It is important that every brickinaker should see that his 
kilns are properly drained, as, otherwise, serious trouble will 
result, ft is eipially important to see that the water from the 
roof of the kiln and from other buildings is not allowed to soak 
into the ground near the kilns, but is conveyed away out of harm’s 
reach. If it must be allowed to enter the ground near the kilns, 
it must be taken to a depth of at least 4 yds. below the kiln sole, 
and even then it is aj)t to lie troublesome. 

A plan recommended by J. lliihrer and other well-known kiln- 
builders consists in laying 12-in. jiipes to drain the foundations 
of the kiln, and to turn all roof water into thescj so that it may 
be led right away from the yard. Above these pipes (which 
should be about yds. below the sole of the kiln), a 14 in. 
layer of sandstone chips should he laid, us these .allow the water 
to drain out far better than does a layer of broken bricks or 
ordinary earth. 

The pipes which collect the water from the roof of the kiln 
should be of ainjile size, and should he taken about a foot deeper 
than the drain-pipes just mentioned, as this enables the dirt and 
sediment to settle out and lessens the liability of the drain-])ipes 
under the kiln to choke uj) with sediment. 

ft is often (convenient to connect the drain-jiipes of the kiln 
to a small chimney, so that the system can be kept dry by means 
of the continual draught of the chimney itscll'. Connexion may 
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be made to the ordinary chimney of the kiln, but a supplementary 
chimney is often better. The slope of the drain-pipes may be 
arranged to suit local conditions, but should not be less than 1 r 
100. In some cases where there is much water to be removed a 
small well should be dug at the lowest level of the drainage 
system, and all the water led to tliis well, which can be emptied 
periodically with a small i)ump. 

Another eflfective method of draining a kiln is to construtt 



Fi«. 224,—Kiln foundation. 


the foundation 4 s shown in fig. 224 in cross-section. The grouniT 
is excavated to a depth of about 3 ft. and is well rammed, with a 
slight fall towards the centre. A bed of large stones, 18 in. 
thick, is formed, with a rough kind of central canal for drawing 
away water. This canal must have a proper drainage outlet. 
On the stones a layer of gravel is placed, and then a bed of well- 
rammed mild clay or loam. On these two layers, which would 
be only 2 in. to 3 in. in thickness, is spread a good bed of sand 
and over this a paving of hard bricks bedded in clay. 



In most cases this isolation of the floor will suffice, but whci» 
water has continual access to the sulisoil it is desirable t-O' 
provide a means of independent liberation of the evaporated 
moisture which is continually produced. In this instance an 
effective method is to provide a complete canalization of th(^ 
floor with inlets at each end of the kiln and outlets at the 
middle. Fig. 225 shows the cross-section of this scheme with 
brick flues, though 4 in. land drain-pipes may serve equally well.. 
Over the flues are layers of loam, sand, and paving brick. 
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At each end of the kiln a collecting Hue is formed, with a 
couplc'of inlets from the open air. At the middle, two collecting 
flues carry the accumulated moisture to up-cast shafts. By 
their draughts these shafts maintain a gentle current of air 
which enters at the ends and carries off the water vapour as it is 
formed. If the kiln chimney is sufficiently powerful, the draught 
may be obtained by connecting the middle flue to it, dampers 



Fio. 226.—Brickwork arch. 

being provided to regulate the flow of air, but as already stated, 
a separate chimney is preferable. 

The arches and crowns of kilns arc often badly designed and 
constructed. There is a general tendency to use plain instead 
of special bricks for this purpose, with the result that a weak 
arch with wide joints instead of narrow ones is produced. 

The difference between arches built of plain bricks and pro¬ 
perly shaped wedges is clearly shown in figs. 226 and 227, in 



Wroai,' construction. Itight construction. 

Fia. 227.—Arch of double brickwork. 

both of which the left-hand side is shown constructed of plain 
bricks with excessively thick joints, especially at the outer ring 
ofithe arch, whilst the right-hand side shows the thin and evenly 
distributed jointing with wedge-shaped bricks. The difference 
is more noticeable in smaller arches than in large ones, and in 
bricks arranged as in fig. 226; but in either case the effect is the 
same—an excessively weak arch which must soon be repaired, 
and a total loss of some 80 per cent of the total expenditure as 
compared with the use of properly shaped wedge ))ricks. If the 
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arch is of very large diameter—over 25 ft.—the taj)er recjuired 
is so small that it may lie neglected and ordinary shajied bricks 
used. If, on the otlier hand, the kiln arch is less than 25 ft. 
diameter the liricks should be airanged to have a taper propor¬ 
tionate to the diameter of the arch. 

This talker may lie made by cutting the bricks before they 
are dry by means of a. stiff knife or a siieeially fitted wire-cutter, 
or, as is preferable, they may be iirodueed through a mouthpiece 
which gives them the right taper. The taper of the bricks may 
most conveniently be calculated as follows: Measure the in¬ 
side diameter of the arch in inches and call it A. Having de¬ 
cided the design of the arch, nu’asure its outside diameter, oi' 
add to the inside diameter twice the web of the arch, and call 
this outside diameter B. Thi' ta]iej’ of the bricks will then be 
B: A. That is to say*, the widest and narrowest parts of the 
wedge-shaped arch brick will be in the proportion B : A. Instead 
of calculating the taper of arched bricks, it is generally better to 
set out a portion of the arch to full scale on a convenient board 
or floor, and to take the measurements direct from this, as th(‘ 
bricks can thus be tried before many are made, and small errors 
(if any) altered 

For most purposes the use of hollow bricks is better than 
plain, solid ones for kiln arches, as the former are not nearly so 
heavy, and yet are of practically equal strength. 

The strength of the arches is a matter often needing special 
care, for it must be remembered that the masonry must not only 
be sufficiently refractory to withstand high temperatures, but it 
must also be possessed of such rtisisting power that it can bear 
the strains set up by the continual contraction and expansion. 
Flattened arches are, therefore, to be avoided, as are also those 
with a very pronounced point. In almost every case the true 
semi-circle is the best form of arch. 

In the case of a continuous kiln it is usually wise to have 
the feed-holes through which the coal is supiilied to the kiln 
made of blocks of fire-clay or at any rate of the most refractory 
clay easily obtainable. The number of these blocks in an arch 
varies with the nundjer of feed-holes, and in the accompanying 
illustration (fig. 228) three blocks are used. 

In constructing arches of bricks and blocks, care is needed 
to get the shapes of the latter correct so that they fit well to the 
bricks, as, otherwise, there is a serious danger of collapse after 
tho kiln has been in use for some time. In setting out such an 
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arcli the most important measurements are. indicated by the 
dotted lines in figs. 228 and 229, in both of which r is the radius 
of the semi-circle composing the arch. Where these blocks 
can he purchased ready-made the speed of building is greatly 



Fio. 228.—Sectiou of ckainber of coutinnoDB kiln. 

increased, ljur oven when they have to lie made specially they 
soon r(fpay their cost in the additional strength, security, and 
freedom from slip which they give to the arches in which they 
are used. The wicket arches may be constructed in a similar 



Fio. 229.—Section of chamber of oontinnona kiln. 


manner, but where special )docks can he made, they improve 
the ap])earance of th(^ kiln. Such blocks are now supplied ready 
for use by several German fire-clay manufacturers, the one 
shown in fig. 230 being itopular on account of its neatness and 
strength. Like the other arches it is of a semi-circular or Ro¬ 
man type. The distance r should never he less than 20 in. so 
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as to allow ample room for the men to enter the kUn without 
scraping the bricks. Fire-clay blocks used in arch construction 



should be of open material, so as 
to respond readily to sudden 
changes in temperature without 
damage. They must be fired in 
such a way that they do not warp, 
and if at all twisted must be care¬ 
fully dressed before use. 

“ Drop arches ” are often built 


Fig. 230.-Wicket arch. in continuous kilns to prevent the 
air travelling along the top of the 
inside of the kiln at too rapid a rate. They are primarily in¬ 
tended to act as baffles and are generally desirable though not 
indispensable. Their itrength need not be great, though they 
act as sujjports for the proper arch. Their shape is clearly 
shown in fig. 231. 


In single round kilns the whole roof or crown is dome-shaped, 
the curvature of the crown usually being part of a true circle 




Fig. 231.—Interior ol Osman kiln. 


though not a complete semi-circle. This form of crown is much 
stronger and in every way preferable to one which is either 
more pointed or flatter. 

Hhe fir^-boxes and bags of a kiln need careful design and con¬ 
struction if the heat is to be economically produced and evenly 
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■distributed. Usually the fii'e-boxes are too shallow and allow too 
much air to enter above the fuel. The “ box ” or hopper pattern 
where a considerable depth of fuel is present and forms its own 
seal, is usually the best for single kilns. In continuous kilns the 
depth of fuel on the grate, or in the trough, is of less importance, 
and in those of the original Hoffmann type no permanent fire¬ 
boxes are used. 

The feeA-lwles in the top of the kiln must be kept covered 
with air-tight caps or bells. In many cases the amount of air 
which leaks in through the caps is sufficient to spoil the draught 
and prevent satisfactory firing. As the top of the kiln is hot, a 
liquid seal cannot be employed, but some form of sand-seal 
should be used. The common practice of a simple bell fitting 
on to a raised rim is far from satisfaciOTy. The use of a conical 
lid fitting into a ring (fig. 232) is but little better, as, whilst air-tight 
when new, the effect of repeated heating and cooling makes the 



Fia. 232.—Conical cap in feed-hole. 


metal twist and fit badly. A simple and durable, but at the 
same time air-tight, cap is greatly to be ddSired, and there is scope 
for ingenuity in this direction. 

The position of the feed-holes may be seen in figs. 228, 229. 

The flites of most kinds of kilns, but particularly those of the 
continuous type, need unusual care in regard to tlieir arrange¬ 
ment and construction. 

A common error with some kiln builders consists in construct¬ 
ing flues, the sizes of which have no relation to each other or to 
the capacity of the kiln ; their dimensions being determined 
largely by guess-work. In a kiln with simple flues this may 
often prove satisfactory, particularly if aU the flues are larger 
than is really necessary, but in many cases defective draught is 
produced and disappointment is caused when a 16-in. square flue 
cannot discharge its contents completely into a 12-in. flue some 
distance away, with probably a couple of bends between them. 
It is frequently desirable to connect smaller flues to larger ones 
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SO as to vary the speed of the gases travelling through them, 
but this should only 1)6 done when the designer has a definite 
object in mind and is fully aware of the consequences. Such 
little troubles as are caused by discharging flue gases through 
opposite openings in the same flue without any midfeather are 
frequently met with, and are a continual source of mystery until 
some one finds out what is really the matter. Fortunately, they 
can usually be put right when found. 

On the Continent, small flues are freciucntly made of sanitary 
pipes carefully bedded, it being considered that they are tighter 
than the brickwork fines almost exclusively (unployed in Creat 
Britain. 

Flues are often mad(! too small and inaccessible as well as 
beingplaced in positions which are undesirable from the point of 
stability. Their walls ifl’e often too thin and the connexion with 
other flues badly made. The connecting flue of a continuous 
kiln sliould be sufliciently roomy for an ordinary sized man to 
get inside it easily for cleaning purjjoses, and should ))e provided 
with so many openings that, no matter which part of the kiln is 
under fire, the flues may be tmtered in the cooler parts direct 
from one of those manholes. The covers for those manholes 
must, of course, be kept air-tight, usually by means of sand and 
often by a second cover of wood or iron. Sometimes defective 
draught is caused less by the flues than by unsuitable dampers. 

All dampers should fit tightly when closed, a “ sand-seal ” 
(similar to a water-seal) being used if necessary. They should 
usually be designed and made specially, as home-m.ado dampers 
are often unreliable. In continuous kilns the. tightness of th(‘ 
dampers is of very great importance. 

Chimneys are often too slightly built, and so lose heat ami 
draught-producing power. Lined chimneys have a great advan¬ 
tage in this respect. 

The attempt to save money by building a chimney which is 
only just large enough for the work is really a false economy, as 
sooner or later it will result in the gases being turned into the 
chimney at too high a temperature, and consequently any sav¬ 
ing on the original cost of the stack will be more than counter¬ 
balanced by the unnecessary high expenditure of fuel in firing 
the kiln. The chimney must be regarded as a “ capital ” invest¬ 
ment, and the saving effected by its use must be reckoned as 
legitimate interest on the capital spent. If a short chimney is 
erected, the fuel wasted by turning hot gases into the chimney 
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will represent an annual expenditure corresponding to possibly 
25 per cent interest on the additional amount of money originally 
required to have made the chimney of the right size. Not only 
so, but with ample chimney capacity (in other words with ample 
draught) it is possible to “ smoke ” the bricks far more effectively, 
and so not only increase the output of the kiln, but to turn out 
a better class of goods, and, consequently, to produce a larger 
income for the same amount of expenditure. 

For this reason, it is usually desirable to substitute a fan for 
a chimney in cases where the capital available is not sufficient 
to build a chimney of ample size. The relative advantages of 
fans and chimneys are described on page 288. 

It has already been pointed out that a roof is essential on all 
continuous kilns, and it is desirable to he ve one erected over single 
kilns if the best or most economical j esults are expected from 
the firing. The reason is that all water which is driven off the 
top of the kiln by evaporation represents a definite waste of fuel 
which could be saved by the erection of a roof or shed over the 
kiln. When no roof is provided, the crown or arches of the kiln 
begin to sag on account of the rain soaking into the brickwork, 
instead of being carried off by a roof; the ftiel is wasted because 
the kiln has to be dried after each shower, and because the fuel 
stored around or on top of the kiln is, in winter, in a soaked con¬ 
dition. The fireman, too, does his work in a less satisfactory 
manner, because he has to be exposed to the cold and rain; 
whereas in a properly constructed kiln both ho and the fuel, as 
well as the brickwork itself, would b(! covered by a roof which 
would effectually protect tbem all. 

It is curious how many firms will spend £1000 or so in build¬ 
ing a kiln, and yet will not lay down the extra sum reciuirod to 
keep their kiln in good condition by erecting a cover ov<‘r it. 

In selecting a kiln for a given brickyard it must be remembered 
that the pivot upon which the success or failure of a clay-works 
turns is freipiently due, not to the clay but to the kilns employed. 
The proportion of the total interest on capital chargeable to the 
kilns is very high in many yards, and thus, the choice of a 
kiln is of the greatest importance. Besides, the kiln is the final 
machine through which the bricks must pass, and, consequently,, 
if it works unsatisfactorily, all the labour expended in making, 
drying, etc., is lost, as well as the loss directly attributable to the 
kiln itself. 
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Many brickmakerB think that l)ecauBe a certain kiln is suit¬ 
able for a similar clay to their own, it is equally fitted for burn¬ 
ing their own clay, without any modification or adaptation, and 
far too many continue to make wares of inferior quality when, 
with a little alteration either in structure, setting, or firing, they 
Tuight produce a large percentage of well-coloured, soundly ring¬ 
ing bricks. 

The most economical kiln is the continuous kiln of the 
Hoffmann type and its many modifications for special clays 
and classes of goods, yet such kilns have, unfortunately, a de¬ 
cided limit below which they are not economical, and firms with 
an output of only 300,000 bricks or less per year will be 
well advised not to invest in a continuous kiln, statements by 
kiln builders to the contrary notwithstanding. There are several 
reasons ibr this, hut Oiie of the most important is that it does 
not pay to build a kiln which is too large and must he worked 
far below its normal capacity. 

A further disadvantage of installing a continuous kiln for 
small outputs,'Or for widely varying outputs, is the temptation it 
offers to the foreman and works manag(ir to make too large an 
output for the demand. Some brickmakers imagine that it 
makes no difference whether one makes a. small quantity at a 
certain profit or double the quatitity at half the profit. This is 
a false argument, for it does not include the wear .and tear on 
plant and kiln due to raons rapid working: and whilst the 
machinery may be easily repaired at a small cost, what about 
the kiln 'i 

On the other baud, it is not wise to select, a. kiln which is 
likely to be too small, though this is far less an evil than too 
large a. kiln. “ Large kilns bring great anxieties, whilst small 
kilns bring small pleasures." If times are bad a small kiln 
means loss loss, but on the other hand, a. small kiln is very 
annoying in days of sudden good trade, in which there is no 
time to erect additional kiln room before the boom has passed. 
On this account as fair an average as possible should be used as 
the basis on which to determine the size of kiln to be erected, 
so that the annoyance of unavoidable loss on the one hand and 
unattainable profit on the other shall be avoided. 

A clamp kiln is rapidly becoming obsolete in many districts 
on account of the impossibility of obtaining many facing bricks 
from it, some of the bricks being under-fired whilst others are so 
badly scorched that in somt' cases they are half melted. It is 
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impossible to get all the bricks fired at the same temperature, 
but in Kent, etc., architects insist on clamp-bricks. 

Clamp kilns are frequently employed in order to obtain bricks 
for the erection of a kiln in a newly started work, but, unless 
the cartage is likely to prove most unusually heavy, it is scarcely 
any cheaper to make and burn the bricks on the site thanit is 
to purchase them from a neighbouring yard, for clamp kilns are 
often wasteful in fuel, and the brick trade for several years has 
been in such a state that almost any yard will sell bricks at but 
little over actual cost, and b(' satisfied that they have made a 
good bargain ! 

Intermittent kilns certainly cost less to erect than a con¬ 
tinuous kiln, but not when they are of the same capacity as'the 
latter. The main advantage ofiered '>y single kilns is that a 
man can put up two intermittent or single kilns, whereas it does 
not pay to erect less than six chambers in a cotitinuous or semi- 
continuous kiln, as so small a number does not give the user 
the full benefit of the heat in the waste gases. Consequently, 
when only a small output is rei|uired. a few single kilns an' often 
preferred. 

If it is cxyiccted to increase the outiiut rayiidly l.o above 
1 ,000,000 per annum, it is better to build ]>art of a (rontinuous kiln, 
and to work it on the semi-continuous principle rather than to 
build separate kilns which will be thrown out of use when a 
larger one is built. For certain (dasses of work, liowc'vtr, it is 
still necessary to use single kilns. 

Probably the best form of brick kiln is a. jiarlially built con¬ 
tinuous kiln, as this, whilst complete in itself, is always avail¬ 
able for extension whenever the increasing trade of the district 
demands a larger kiln. When part of a continuous kiln is built 
it is not so economical in fuel as the whole kiln, but it is not so 
wasteful as are intermittent kilns of the same capacity. At the 
same time each enlargement of the kiln increases its economy 
of working, and there is no setting aside of kilns which are not 
wanted because they have been replaced by a continuous kiln, 
as is the case in many yards at the present time. 

In the erection of such a yiartial kiln it is necessary to con¬ 
sider carefully the character of the clay, as when a delicate clay 
requiring very slow and gentle warming is to be fired, a much 
more complete kiln should be built than if a small out])ut of a 
readily fired clay is required. 

The size .of the kiln must, as already noted, be equal to tli(' 
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average output, or a trifle larger, as it is better to miss a little 
trade in the best years than to be saddled with too large a kiln 
during bad seasons. The question whether it is better to have 
two moderate sized continuous kilns or one single one of equal 
capacity is one which admits of much discussion, though the 
actual loss of working a large kiln partially is less than working 
a small kiln fully and keeping another of equal size quite idle 
except for occasional use. Owing to the heat to which they are 
subjected, kilns do not resist the action of the weather well when 
out of use for a long time, and it is better to have one rather 
than two continuous kilns, Imt this sliould not ))e much larger 
than the average output of the works for a period extending over 
several years, if the best results are to be obtained. 

The length of a continuous kiln should be sufliciont to fully 
utilize the “waste ” heat from the fuel. There is a great tend¬ 
ency to build kilns which are too short, with the result that the 
heat which should be obtained from the cooling goods and from 
the fire-gases is lost, instead of being utilized for drying and 
heating the freshly placed goods. 

Where a small output is required the kiln should have.a 
narrow tunnel,, the width being increased with large outjnits, 
instead of the usual method—of retaining the width constant and 
reducing the length—being adopted. 

The width of tlie tunnel of a continuous kiln is sometimes 
the subject of strange criticisms. It is fre(iuontly stated that 
tunnels not more than 8 ft. 6 in. or 9 ft. are best and that wider 
ones are detrimental to the quality of the goods. As a matter 
of fact, the width of the tunnel can be made 18 ft. without any 
disadvantages arising, provided the kiln be property built and 
fired, and with transverse arches still wider chambers can be 
satisfactorily employed where the, output justifies their use. 

Where very large outputs are re(pured, it will often be found 
best to build continuous kilns of a shape similar to one of the 
plans shown in fig. 233. These are known as “ Shank Kilns,” and 
owing to their special shape several fires can be kept going in 
each with a minimum of labour, and the cost of erection is less 
than that of several continuous kilns of equal total capacity. A 
considerable number—over 200—of these shank kilns are in 
existence on the Continent with an annual output varying from 
5,000,000 to 50,000,000 each. 

A continuous kiln can sometimes be enlarged by adopting 
the “ Shank ” principle just described; such an alteration to an 
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old circular Hoffmann is shown in fij;. 234, whicli is reproduced 
from the “ British Clayworker 

In enlarging a kiln in this way it may he necessary to supple¬ 
ment the chimney-draught hy the aid of a fan. 

A great advantage to he gained from the enlarging of a kiln 



Fid. 2.98.—I’lanB of Bhaiik iilns. 


in this manner is found in the instances of bricks or tiles which 
need very careful warming or prolonged heating as, with so long 
a fire-canal as is thus produced, it is possible to burn the most 
delicate cl.ays witli ease, in some cases it is even possible to 
dispense with a dryer and to remove the moisture by a some- 



Fid. 234.—Filin of enlar|j;«(l Hoflfniann kiln. 


what lotigcr steaming in a manner impossible with the ordinary 
twelve-chamber Hoffmann kiln. It was, in fact, the necessity of 
treating a new clay found in the course of working an old and 
almost worked out pit that first compelled a certain brickmaker 
to find a method of enlarging his old kiln, and by doing it as 
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ghown in tig. 284, lie was able to work an nmiBiially delicate 
clay with perfect satisfaction. 

SETTING AND BURNING. 

Bricks must )>e placed (or “set ”) in kilns in certain patterns, 
according to the nature of the kiln and tin' kind of britiks to be 
produced. 

Thus, in an up-draught kiln, the bricks must be arranged 
ditferently to those tired in a down-draught or continuous kiln. 
Again, where glaze or colour is of groat importance, it is necessary 
to so place the bricks tliat the “ face ” is protected, whilst for 
commoner bricks no such ]>rotective an'angement is necessary. 
Many firms fail to obtain the best results simply because they 
do not set tin' bricks to the greatest advantage in the kilns, 
using a down-draught arrangement where one suifable for bori- 
zonf.al tlraught is required and vice v('rsa. 

Unless dried l)y the Scott system, or set direct in continuous 
kilns after being made by the stiff-plastic, the semi-dry or 
dust I'rocessos, bricks should be dry when they enter tin' kilns. 
The method or process by which the. bricks have been made is 
therefore of litfle or no importance as far as the setting in the 
kiln is concerned. A wise brickmakor will, however, insist on 
the dampest bricks (if there .are any) being placed uppermost in 
the kiln so that tin' moisture in them may ('scope more' readily 
and with less liability to damage other bricks. Methods of set¬ 
ting may ))e divided into four classes: (1) for up-draught; (2) for 
down-draught; (8) for horizontal-draught, and (4) wln're special 
jirotection (as in glazed bricks) is needed. 

In an up-draiuikl kiln the heat enters, nonlinally, below the 
goods and rises through them, though in I'ractice it (diiefly 
enters at the sides. The I'ricks should be set about J in, ai'art, 
with their longest side parallel to the direction in which the hori¬ 
zontal portion of the fin' travels—usually from the fire-box to the 
centre of the kiln. Less frequently, the bricks are arranged up¬ 
right, each row breaking joint with the row below it. Usually, 
but little differt'iice is made lietwe('n the setting of up- and down¬ 
draught kilns, and luoviding the conditions already mentioned 
.are maintained, the methods described for down-draught kilns 
may usuidly be followed. The main points to remember .are 
that the heat must be able to circulate frj'cly and ('venly a,mong 
the liricks, and the bricks must be so arranged as not to sli]) 
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out of plaoe. This fatter Toquiroment usually necessitates their 
being crossed by bricks running at right angles every few courses. 

In a down-draught kiln the heat rises behind a flash-wall or 
bag and descends upon the bricks iii a. downward and sloping 
direction. It distri)>ute8 itself amongst the goods and passes 
out through one or more 0 ]>onings in the centre of the kiln. 

If, as is often the case, only one exit is provided, the bricks 
must be set smncwhat closer near the centre of the kiln 
and mor(' open (about IJ in. apart) for the lowest four rows 
nearer the sides, so that the outer parts of the floor may be fully 
boated; or the flash- or bag-wall iiiay ))e })erforated near the floor 
so as to allow some heat to pass direct towards the centrti flue. 


When a perforated kiln-sole is used 
these i)recautions are less necessary. 

In a down-draught kiln the bricks'' 
are usuallj' placed •“ live on two ” (fig. 
235), as this forms a convenient and 
easilyremembered arrangement and one 
of ample strength. With thicker bricks 
the luiarest to this iiiust be used, the 
bricks being set about f in. apart. 



Where the bricks are sullieiently stable another row of bricks 


may be set on the live headers, and sometimes a second row of 


stretcliers is used. 



Ki(i. 23fi. —Scotion of lower part of kiln ahowint; perforationa (Browni. 


The l)ottom two courses must l>e arranged so as to leave any 
perforations in the kiln sole fully open (fig. 236), after this tlie 
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settinp may proceed regularly until the kiln is filled to the level 
of the top of the bag- or flash-wall. It is unwise to fill it higher, 
as the fire-gases require a considerable amount of space for their 
I)roper combustion and distribution, and this is not provided 
when the kiln is too full. Down-draught kilns differ from up¬ 
draught ones in this respect. 

Some bricks—particularly those burning Imfl’ or white—are 
better set flat in “ walls ” or “ blades ” 9 in. wide, care being 
taken to let the bricks break joint, and being about J in. apart, 
the “faces” never being in contact as is the case with rod 
facing bricks. Some white or Imfl la-icks (including most fire¬ 
bricks) are best set in this way, the ends facing the fire. 

In setting red facing bricks in a down-draught kiln special 
precautions have to be taken, there being a great risk of pro¬ 
ducing a grey stain on the bricks, and many thousands of such 
bricks are spoiled annually by an impro])er method of setting. 
To obtain a first-class red hieing lirick the kiln-floor must be 
level and the,arrangement of bottom Hues already given is 
usually satisfactory, though some Iwicks are better if the set-ofl' 
or bottom jiortion has 9-in. flues, four bricks doe]>, and a double 
span over, and a tier of bricks to stretch across the top, breaking 
the joints of each flue and thus making the bottom very strong 
to stand the heat. Care should be taken not to set the bricks 
too close in the bottom. From the set-off of tlii^ kiln, bricks 
made from a semi-dry machine may be set four bricks one on 
top of the other, with a double row of stretchers, above; this 
alternation of four headers and two stretchers being repeated 
until the kiln is filled. Wire-cuts and sand-stocks will only 
stand three headers high. Sand-stocks'do not stain as much 
as semi-dry bricks, on account of the sand on the face. 

Bricks should, usually, be set from side to side in the kiln 
in rows or “ bolts,” and care should be taken by the setter, 
after the first double bolt is finished, to keep the heads, or 
ends, of the bricks in the remaining liolts in a straight line with 
and tight to one another, so that one may look righf. through the 
chamber from the first bolt to the last. This gives the steam and 
tire-gases a straight line and a free course without any idiance of 
staining the faces of the bricks. 

In round, down-draught kilns with a. centre flue, it is usual 
to lay bricks radially from end to end, and so converge the 
spaces between the bottom two or three courses towards the 
('entre. These two or three courses are laid e.xaitly one over 
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the other, stretcher faces in contsict. f)u this '• footthe usual 
setting is adopted of five bricks side by side over two bricks end 
to end. If the bricks care more than in. thick the five bricks 
will tie oorresi>ondinglj' less in number. Tliis regular setting 
above the foot should be started in a way to suit the tying-in of 
the radially placed bricks of the foot. 

Other arrangements for setting bricks in a down-draught kiln 
are known as “2 on 2,” “h on 8,’’ and “Tion (i ” respectively. 
The first is used where very open settmg is necessary; the last 
is suitable where the bricks are finished at a. low heat and where 
an unusual amount of supjiort is needed (fig. 287). 

In a horizontal drawjht or conlinitoun kiln tin' setting of the 
bricks is slightly different. As the draught is not reciuired to 
rise, it is possible to lay the stretcher bi icks closer together than 
in an np-draiight or down-draught kill;, and any vertical spaces 



Fk;. 237.—Brick arniugements. 

(а) “ 2 on 3.” 

(б) “ H on 3." 

(c) “ 5 on 0." 

betwocn the rows, '‘blades" or bolts are of far less im]iorta.rice 
in a, horizontal-draught kiln. 

In setting bricks in a continnous kiln it must be remem¬ 
bered that they will be subjected to a horizontal draught which 
will have a natural tendt'iicy to travel along the roof between 
the top of the setting and the arch. This upward tendency must 
be prevented as much as possible, and this is accomplished by 
setting the bricks elosi- to the arch, and when the wares are not 
of a very coinbnstible nature it is generally advantageous to 
pitch, or set closely together, the toji two or throe courses, Ihus 
diminishing the number of lop-draughts or channels. 

To keep the cold air from travelling too ((uickly between tin) 
arch and the brick in the burnt st'ction, dro)! arches are gener¬ 
ally built in each chamber (this applies only to the Hoffmann 
tyjie of kiln). These droii arches, as a rule., answer their pur- 
])Ose W'cll, though exeellent results may lie obtained by ]mtting 
the top briek of the setting into the feed-hole; if any difficulty 
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is found in stopping tins hole, soft elay should lie used, the real 
object, beins to prevent the fine coal from dropping to the bottom 
of the kiln. This will give a very useful fire on the top of the 
brick, which will heat the ah if there is too free a passage along 
the top of the brick, due to their settling. The usual arrange¬ 
ment is to set a row of bricks on edge 4 in. apart in the direction 
in which the fire travels, and on these another row. A thhd or 
even a fourth row may be added if desired, though it makes the 
setting less stable, .\cross these bricks a single row is set at 



Fhi. 2HH.—View of biioke in (lontinuoiis kiln. 

right angles, and on this another two rows of headers. This 
alternation of one row of headers and two of stretchers is con¬ 
tinued until the kiln is filled almost to the top (fig. 238). 

Where a somewhat greater flue-space is required, three bricks 
may be arranged on each other as shown i!i fig. 239. By setting 
the bricks in pairs greater stability is obtained than if the flue- 
space is left between each set of upright bricks. There should 
be anqile draught space in the lower portion of the setting, par¬ 
ticularly in the trace-holes. These trace-holes are in the same 
direction as the draught during the whole period of burning, as 
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they may become choked with coal or ash, which would merely 
retard the propfross of 
the fire throughout the 
kiln. 

An important point 
to bo taken care of is 
that of determining the 
number of sections of 
chambers to be set, 
taken on and treated as 
one chamber in the 
Hoffmann kiln. The, 
writer has known ditfi- 
culties to arise from 
too large- a number 
of chambers being 
coupled together in this way. Two chambers arc^ quite suliicieui 
to be coupled together and is as large a section as is consistent 
with good manageinont. Each section shouW have a papered 
e,nd unless permanent partition walls exist. 

In a continuous or other horizontal draught-kiln there is no 
need to stop short of filling completely to the top of the arch, as 
the combustion of the gases takes place elsewliere and not, as in a 
down-draught kiln, above the goods. 

With kilns with a horizontal-draught the combustion space, 
or “ free ” space, must be at right angles to the draught; in a 
Newcastle kiln it is immediately behind the fire-boxes (a space 
of 3 ft. or so in width being left on purpose) and in somf! con¬ 
tinuous kilns it is immediately atiove and to oiu! side of tlie 
grates, fire-troughs, or hags. Hence in (jontinuous chamber 
kilns the goods nearest to the fuel shouhl not he set vertically 
but with a distinct sloT>e in the dirfiction of tlie draught. 

When the fuel is fed amongst the bricks in a continuous kiln 
(as in the original Hoffmann kiln) the same general arrange¬ 
ment of setting is used, but beneath each of the pot-holes in the 
roof a vertical Hue is left in whic-h the fuel can burn. One pat¬ 
tern of such a “fine” is shown in fig. 240, certain bricks being 
made to project in such a manner as to form a series of ledges 
on which the fuel can rest and burn, only a very small ytortion 
falling direct to the bottom of the kiln. 

For a beginner, the best way to construct one of those Hues 
is to fix a plank about 1 in. thick and a tittle narrower than 



Fi(j. 289.—Traoe-holes, 




MODERN DKICKMAKING 

tbe pot-hole in the arch of tlie kiln, vertieally ))elow (and 
through) the liole, and to set the bricks 
alternat(dy close to and aAvay from this 
lath on all sides so as to form the vorti¬ 
cal space shown in fig. 240 ; the enlarged 
space at the bottom of the shaft serves 
to contain tlu> asln^s from th(! fuel, and 
to enable the burner to estimate the 
lem])eralure of the lower ]iart of the 
kiln. 

Fm^-shafts of other 8hai)es aro pre¬ 
ferred by some burners—mud) depend¬ 
ing on the fuel used—and in some parts 
of the Midlands they are built by sotting 
ebrietks in ]iairs as headers and stretchers 
alternately (fig. 2.‘t7o). Oiu' of the great 
disadvantages of the use of such fire- 
columns is the liability to errors in 
setting which they cause, and such errors are. often discoveretl 
only when too late to be re])aired. To avoid them it is essential 
that the changes in the setting in various parts of the kiln should 
bo reduced to a minimum, and, however desirable from the 
burner’s standpoint, the practice of setting the bricks closer to 
each other as the arch is appronclual, and other methods roipiir- 
ing special skill on the part of the setters, cannot be (lonsiderod 
as ideal. For this reason the author has frequently used with 
success a method which consists in leaving a space betwoen the 
blades or walls, in which “ trough,” bricks are set in rows on their 
edges as shown in th(^ centn^ and sides of figs. 241 and 242. This 
arrangement jirovides ample ties for thr‘ bricks, and re(|uires no 
laths or other guides for the setters to enable them to keep the 
flues properly in line, as the joints of the bricks show whore the 
next layer of bricks is to be jdaced. The construction of thti 
fire, columns is also simplified, as will be seen from the illustra¬ 
tions, as a single space is left throughout the whole width of 
the chamber. This space is 2.1 to It in. wide, and on the bricks 
which partially bridge over the space, some of the fuel will be 
retained in the upper partmf the kiln. 

The aperture in each chamber which leads to the main Hue is 
made by leaving a space about 4 in. wide, and extending the 
whole breadth of the kiln. The fourth row of bricks from the 
liottom is laid close, so as to form th<' toj) of this shallow Hue 



Flo. 240,—I'nel shaft in 
Hoffmann kiln. 
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whicli leads the gases direct to the main Hue. Various forms of 
this “ trough ” aiTangement are much used in France (four li 
tranches) and in Germany (Heizwande). 

If the liricks are dried liy fires placed at the wicket, a series 
of flues is made to carry the heat from these fires as far into 
the chamber as possible, as otherwise the direction of the heat 
will be from the wicket to the nearest exit and a large portion 
of the chamiier will always be left cold. 

To obtain facing bricks of good colour the setting must usually 
be similar to that in down-draught kilns, i.o. two faces are 
placed together before they are tied crosewise by two more, and 
so continued uy) to the reipiircd height. The flues or passages 
are, however, arranged in the same way as when common bricks 
,are burned. 

The most recent method of sotting bfiioks is one exploited by 
the American Olay Machinery Co. So far, it has only been used 
in the United States for setting stiff plastic and semi-dry bricks 
direct into the kiln. A travelling crane carries a hod of 120 
bricks from the machine to the place whore they are to be set 
in the kiln, and <leposits tlie bricks ready for burning. The 
arrangement of the iiricks on the hod determines the setting, the 
bricks btdng built u]> in “ units ” which are stacked on each other. 
In the vt'ry large open rectangular kilns (scoves) used in the 
States, and to a smaller extent in archless continuous kilns, this 
method ai)i)ears to possess advantages over hand-setting for 
(ioiiimon bricks, luit it can, obviously, only bo used in those cases 
where an overhead rail or crane can dolivor the hods to each 
yiart of the kiln. 

Aft(!r a •' chamber ” has l)eeii set it must be sepiiratcd from 
t he re.iuainder of the kiln by means of dampers. Where no per¬ 
manent cross-walls are used it is convenient to fasten sheets of 
yiaper right across the bricks, smearing the edges of the paper 
with (day-paste to make tin' partition air-tight. The special 
(iharacteristiiis i-eqiured in paper used for this purpose are de-; 
scritied on page 277. The paper must be joined with good paste 
if single sheets of suflicient size cannot , bo obtained, as leaks 
arc very objectionable and waste fuel. 

Wlnm yiermanent walls are erected, the paper need only be 
T'asted over the trace-holes, though permanent dampers of iron 
and fire-clay are often used instead. Three chief forms of 
damper-leakages ar(' possible and must be considered separ¬ 
ately 
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(a) The damper nearest the kiln fire may leak, and conse- 
<iuently the hot air as it enters will be more or less completely 
drawn through it and away to the chimney from the flue in 
the chamber nearer the fire, instead of its being drawn around 
the goods to be smoked, and after warming them, passing away 
through the main flue. 

(b) The damper nearest the empty chamber may leak and 
the one at the other end of the chamber being smoked may be 
tight, with the result that cold air will be drawn into the 
chamber to be smoked through the nearest open wicket, and will 
not only diminish the amount of hot air drawn around the goods 
to be smoked, but will itself take up some of the heat to no 
purpose, and may tend to crack the goods by ])lacing them in 
contact with cold air. 

(c) Both dampers may le.ak at the same time. In such a case 
lioth the defects previously mentioned will be increased by their 
mutual action on each other, and a. particularly unsatisfactory 
smoking will be produced. 

The chief precautions lo be taken to prevent these troubles 
depend on the causes of leakage, and are as follows: (1) Leak¬ 
age due to bad workmanship in pasting on the damper, or to the 
use of too thin a clay sli]), or to a slip made of too fat a clay. 
This may lie cured by improved workmanship, by seeing that 
the slip is a thinnisb paste and not a more liquid, and of the 
right composition. In many cases also, the leakage^ is due to 
insufficient margin round the opening. As already explained, 
this should bo ample in order to secure a tight joint. 

(2) Defects in the walling of which the partition is made, and 
which suggest partial rebuilding as the most satisfactory cure. 
The use of a poor paper would act similarly, and either a more 
waterproof i>ai)er must be purchased or it should he pasted over 
with clay slij*. 

(3) Insufficient draught in the chamber being smoked, there¬ 
by causing a deposit of condensed steam qn the paper partition, 
which soddens it and causes it to collapse, or which may prevent 
its burning sufficiently soon. The draught in the smoking cham- 
lier, should, whenever the goods will stand it, be as strong as 
that for the remainder of the kiln, and like it should be measured 
with continuous reading gauge. Careless regulation of the 
draught will sometimes put such a sudden strain on the paper 
partition as to rupture it, so that the burner should remove his 
flue-dampers with sufficient slowness. 
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(4) The stove may be too near the damper, and sparks from 
it may set the latter on fire, thereby producing what is to all 
intents and purposes a serious leak. A simple bending of the 
pipe so that no sparks can possibly get on the paper will prevent 
this disaster. 

Special Goods such as hollow blocks, moulded bricks, etc., which 
must be specially protected in the kiln, are usually burned in 
small chambers built for the purpose inside the kiln; as long as 
these chambers are not large no difficulty need be experienced, 
but when considerable space is required special arrangements 
must be made. 



Fia. 241.—Cross section of temporary inufHes. 

Where the demand for goods which have to be protected in 
the kiln is sufficiently great a mufile kiln should be used, but 
when this is not required the arrangement of part of a continu¬ 
ous kiln, as suggested by F. Hoffmann (figs. 241 and 242), will often 
be found satisfactory. Fig. 241 shows a hollow chamber on each 
side of a special flue, two such chambers and the necessary flues 
extending the whole width of the tunnel or chambers. The 
bottom flues are not built with solid walls but in chequer work, 
the space between the ends of each brick being 2J to 2-J in. The 
side and centre flues are arranged to act as fire-columns as well 
as flues, their construction being shown in cross-section hi fig. 241 
and in plan in fig. 242. Pull protection of the goods is secured 
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by two rows of bricks set close and. smeared with daub, which 
form the special chamber. The special goods having been set 
in the chambers provided, a front wall of bricks set close is erected 
and daubed. It is, however, wisest not to build such a wall at 
the end of the “box ” but only at the beginning, as in this way 
the combustible matter and moisture can more readily escape 
than when the bricks are enclosed on all sides. The rest of the 
kiln is then filled with bricks set in the ordinary way. 

The number of men required depends upon the si/.e of the 
kiln and the output of the making shops or machines. If the 
kiln is large enough, three or oven four men may be employed 
in actually setting the bricks, but for most purposes two are all 
that can work at the same time, and when the output is low a 
single man may be sufficient. Speaking generally, two men work 



Fio. 242.—Plan ot two temporary mntRen. 

most effectively with an ordinary 14 or 16 ft. chamber, pro¬ 
vided they have the bricks placed conveniently near to tliem by 
the “ wheelers ”. 

Glazed Bricks must be so placed in the kiln that tlnrglasieil 
faces are jirotected from the flame. Muffle kilns may be used 
but are eOstly in fuel, so down-dratight kilns are gentrally 
employed. 

A good arrangement is that shown in lig. 243, and largely used 
by the author sinct! it was published by L. E. Barringer in 1903. 
The stretchers or tie-bricks are unglazed, the glazed faces of the 
headers being set together with a small space between them. 
These narrow spaces are completely covered at the top and ample 
protection is afforded to the glaze. To prevent the arrises of 
the glazed edges sticking to each other, it is often necessary to 
use short bars of clay between the glazed bricks to keep them 
} in. apart, or the glazed faces may overhang slightly. 
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When the setting is complete the kUn door-ways or wickets 
must be built up with bricks covered with clay paste (“ daub ”) 
to keep out the air! Sometimes an opening for a fire is left in 



the doorway, particularly with Newcastle kilns, end-fired Scotch 
kilns, and in continuous kilns where a “ wicket fire ” Is used for 
the drying of the bricks (fig. 185). 

FIRING. 

The methods used for the “ firing ” or “ burning ” of goods in 
a kiln depends upon the type of kiln used and on the nature of 
the goods, but certain general principles apply to all ordinary 
methods of burning bricks. 

The chief requisite for the successful burning of bricks is the 
steady raising of the temperature to a sufficient height at such a 
rate that water and combustible materials may escape without 
damaging the goods, and the expansion and contraction which 
occur during the heating may take place sufficiently slowly to 
prevent the strength of the bricks being diminished. This 
appears a simple matter to those who have no practical experience 
of brick burning, but in reality it is far more difficult than is 
usually supposed. Some idea of the amount of skill required 
may be obtained from the fact that an examination of a very 
large number of bricks from the most important yards in almost 
every well-known brickmaking district has shown that less than 
half the bricks examined were fully or completely burned ! 

There are, in fact, two distinct heat-treatments possible in 
brickmaking: (a) baking, and (b) burning. When bricks are 
“ baked ” they are heated sufficiently to rob the material of its 
plasticity, but they are not durable under very adverse conditions 
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of climate or use. “ Baked bricks ” are somewhat soft, and when 
two are struck together a dull or flat sound is produced, which is 
very dififerent from the ringing tone emitted when two “ burned ” 
bricks are similarly treated. “ Rubbers,” “ cutters,” bath-bricks, 
and ordinary flrebrieks are typical “ baked bricks ”. 

“ Fully burned ” bricks are characterized by a distinct “ ring ” 
when struck, and they do not shrink on further heating except 
when heated to such an extent that change of shape occurs or 
the specimens adhere to each other. Some bricks cannot be fired 
to completion, because the temperature at which they are fully 
burned is too near to that at which loss of shape occurs. Fully 
burned bricks are less porous than those which have been insuf¬ 
ficiently heated. Engineering bricks and many Midland and 
Northern bricks are typical “ fully burned ” bricks. 

In order to ascertain the amount of heat necessary to burn 
a brick completely and the temperature to which it must be 
raised before it is fully burned, certain tests must be made. 
These usually consist in making specimen bricks or tiles, 
measuring them accurately and heating them under carefully 
regulated conditions to difierent temperatures. The test-pieces 
arc then exahiined for shrinkage, porosity, and change of shape, 
and from the results of this examination a fair idea of the most 
suitable kiln-treatment can be obtained. In making such tests 
it is essentia] that at least one test-piece shall be over-heated so 
that the highest temperature permissible in the kiln may be 
known. 

A brick is completely burned when it no longer contracts on 
further heating to a higher temperature,* and when its porosity is 
reduced to the smallest possible amount without the brick losing 
its shape. There is a tendency amongst certain writers on build¬ 
ing construction to assume that only fully burned bricks should be 
used. This is by no means always the case, as certain efiects 
cannot be obtained with bricks which have been fired to their 
maximum temperature, and the opprobrium cast upon ” baked 
bricks ” by such writers is often quite undeserved. At the same 
time, it cannot be denied that fully burned and partially vitrified 
bricks are usually far stronger and more durable than those 
which have been subjected to a less severe heat treatment. 


' Accurate measurements will show that contraction never ceases completely^ 
but a stage is reached at which its increase, during a large rise of temperature, ia 
BO small that it may be disregarded and the shrinkage considered to have ceased.. 
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In this connexion it is curious that fire-bricks^which are 
primarily intended to withstand the most trying Conditions—are 
never more than “ baked ” in this country, though in Germany 
they are often fired to incipient vitrification. Fire-brick manu¬ 
facturers would do well to consider this point, which is far more 
vital to success than many of them suppose. 

The following list of maximum temperatures, originally pub¬ 
lished by Seger, is generally accepted as a standard:— 


Goodb. 

Skofu Cone. 

TEMraBAinius m ° C. 

Porcelain colours and lustres . 

032 to 010a 

600 to 900 

Clays rich in lime and iron 

015n to Ola 

790 to 1080 

Briok-olays; red-bnming shales 

OlOa to la 

790 to 1100 

Clinkers, payiours, vitrified bricks . 

la to ?0 

1100 to 1300 

Stoneware; salt-glaze .... 

oa to 10 

1180 to 1300 

Majolioi glazes. 

OlOa to 05a 

900 to 1000 

Glazed bricks (hard fire) .... 

iia to 9 

1200 to 1280 

Fire-clay and ^rcelaln .... 

7 to 20 

' 1230 to 1S30 

Silica bricke; magnesia bricks 

10 to 26 

1460 to 1580 

For determining the refractoriness of clays 

26 to 42 

1.580 to 2000 


The figures in the last column are only approximate, and it is 
always preferable to refer to the number of the cone rather than 
to the temperature, especially with the higher numbers. 

In most oases of clay-burning the exact temperature reached 
is of less importance than the length of time the goods are ex¬ 
posed to a certain temperature, e.g. whether the maximum 
temperature is 1250° or 1300° C. matters less than the time of ex¬ 
posure at 1250° C. The essential question is—“ Has the heat been 
acting for a sufficiently long time ? ” 

The finishing temperature for most red-burning clays con'e- 
sponds to cone 015a to la (790° to 1100° C.), the latter being reached 
with many red-burning shales. Fire-bricks are usually con¬ 
sidered finished at cone 5a (1180° 0.), but cone 14 (1410° C.) is much 
more suitable as a finishing point, ajid far higher temperatures 
are attained in some Continental fire-brick works. 

The maximum temperature to be reached in the kilns having 
been ascertained, it is necessary to consider the stages which 
must be passed through before this temperature is reached. 

Generally speaking, the burning of bricks must take place in 
three separAte stages, viz. (a) drying or “steaming” (sometimes 
called “ stoving ”); (b) preliminary heating and removal of vege¬ 
table and other combustible, matter; (c) full fire and completion of 
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the burning. There should, however, be no sudden rise in tem¬ 
perature in passing from one stage to another, and many success¬ 
ful burners do not consciously distinguish between the different 
stages. 

The speed at which bricks can be burned depends on the 
time needed to pass through these three stages of firing. The 
first retarder is the amount of water (whether free as moisture or 
chemically combined) which exists in the bricks when they are 
first placed in the kiln. With strong, open clays this water may 
be removed rapidly, but with fine, tender clays several days may 
be needed for the “ smoking ” or first stage of l)urning. 

It is not the open or loose clays that dry easiest; aside from 
openness there must be a natural tenacity of the clay. It must 
have an inherent strength to withstand the disruptive force of 
steam. Hence there are two qualities of the clay that will allow 
rapid water-smoking: (1) open structure; (2) inherent strength. 
A clay that possesses only one of these must be dried slowly. A 
clay that does not possess either one has to be dried very slowly 
indeed. 

A further cause of slow firing occurs in the second stage of 
burning, and is due to the influence of the carbonaceous matter 
in the clay. 

In clays which are rich in organic matter—the Fletton knots 
for example—great caution is required between the stoving of 
the goods, which may be said to finish at about 200° C., and the 
temperature of 1000° C., when the firing will bo nearly finished. 
If the goods are heated too rapidly after the stoving they may 
“ catch fire ” and burn too rapidly, and so become spoiled, or 
they may be burned on the outside and remain black within. 

This production of a black core is especially noticeable with 
certain shales, and with some red-burning clays, and is, in most 
cases, due to the heating being of too short duration to enable 
all the organic matter in the clay to be burned out, and for all 
the iron compounds to have become fuUy oxidized. It is, indeed, 
necessary for the fireman to study very carefully the length of 
time during which it is necessary for him to keep his kiln at 
one heat—usually at about 900“ C., or Seger cone 011a or 09o—in 
order that this black core may not appear when a finished brick 
is broken. 

If, when the bricks, or other goods, reach a dull red heat the 
supply of air to the kiln is insufficient, there is a strong tendency 
to form the black coring, as the iron in the clay is being reduced 
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iiietead of being oxidized (as it would be in the presence of suifi- 
cient air), and this lower oxide combines with some of the silica 
of the clay at comparatively low temperatures, and discolours the 
goods considerably. In addition to this, gases are often given out 
by the shag thus formed, and the goods are cracked or “ blown 

The pores in' clay being very small, and the amount of free 
air in the flue-gases not being in large excess, a considerable 
time is often required before the black core is all “ ljurnt out,” 
and in some of the worst clays the kiln must be ke])t at or near 
900° C. for 100 hours or more l)efore it is safe to allow it to rise 
higher and then finish the kiln. Fortunately, the time required 
for this stage of firing is not usually so long, but the stage is 
trsnally well marked in most clays, av.d may, for convenience, be 
termed the “second ” or “oxidation ” stage of the burning, the 
first stage l)oing the “ smoking ” or “ stoVing ”. 

If the heat has been carried on to the vitrification point, with¬ 
out sufficient time having been taken at a lower temperature to 
burn out the carbon, it would swell the bricks. In the case of one 
fire-clay it is necessary to hold the heat at 500-800° 0., that is, 
several degrees below redness, for seventy hours, before all the 
car))on is burned out. A_ drift-clay or glacial-clay found close by 
can be burned out in ten hours under the same conditions. Some 
clays will readily permit of the burning out of the carbon, some 
require, a greatly extended time. 

Hence the rapidity with which clays can be burned depends 
largely on the clay, llecause one man’s material may require a 
longer time, it does not follow that another cannot burn his clay 
in less. In some des(!rii)tions of kilns, in which the patentee 
claims that he can burn several thousand bricks in one or two 
days’ time, it will be noted that the. specifications invariably 
state that they will “finish the burning in two days”. That 
means that they have given the clay a pre-heating in order to 
burn out the carbon and dehydrate the clay, so that the time 
required “ to finish burning ” the bricks is sj)ent wholly in “ com¬ 
pleting,” i.e. in developing colour or vitrification. 

The s])eed at which the fire travels forward'in a continuous 
kiln cannot, therefore, be stated with accuracy, though it should 
not, in ordinary cases, fall below an average speed of 11 to 12 ft. 
per twenty-four hours, or 6 in. per hour, this'iiieasurement includ¬ 
ing all the <liflerent stages of firing. With a suitable kiln ten 
times this rate of fire-travel may be obtained under good con¬ 
ditions. 
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The speed of the firing will depend on (a) the nature of the 
clay or goods, and (i) the draught or air-supply, and the latter 
must be regulated chiefly by the former. If the goods will stand 
a quick fire without damage, the more rapidly they are burned 
the better they will be, but all attempts to hurry the fire faster 
than the goods can stand will end in failure to produce satisfac¬ 
tory goods. 

By using a continuous kiln of very great length and small 
width (as suggested by Biihrer) it is possible with open clays, 
relatively free from vegetable or other carbonaceous matter, to 
burn five or even ton times as fast as is usual in this countrj’, but 
a highly skilled burner is necessary for this pury) 08 e. 

Drying or Steaming .—No matter whether bricks have been dried 
or not before entering the kiln, they always evolve a large 
amount of water before they become red hoi. The proportion of 
water varies with the amount of clay in the material, but is 
seldojjin less than one-sixth of the total weight of the brick. In 
other, words, in spite of the most careful drying, a pound of water 
must t)e removed from ordinary bricks before they are heated to 
redness. The elimination of this water (some of which being 
“ combined ” with the clay cannot be driven out by drying) is one 
of the most delicate operations under the control of the burner, 
as, if it occurs too rapidly, the bricks will be- seriously weakened by 
the excessive pressures caused by the large volumes of steam 
produced within the pores of the bricks. 

This “ kiln drying ” may be accomplished by the use of waste 
heat from other kilns or chambers (as in a continuous kUn, where 
the heat from the cooling bricks is often employed), or wicket fires 
(fig. 185) or stoves may be used. In single kilns the fires are 
lighted tn.iihe fireplaces and are allowed to smoulder so that the 
warmiag takes place very gradually, the fire being aBowed to burn 
more brightly after two or threti days. A similar procedure takes 
place when wicket fires are used in continuous kilns, a small 
opening being left in the door-gap into which glowing coals are 
placed or in w'hich a small fire is lighted with (diips, i>aper, and 
coal. 

Instead of a fire lighted in the wicket of a. continuous kiln, a 
portable stove is sometimes used, whence the term “ stoving ” 
for this operation. Such a stove saves fuel and the trouble of 
lighting many fires (fig. 187 ). 

The drying, or steaming, must be continued until the whole 
of the combined water has been rt'moved and the goods are 
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distinctly hot. With most clays this cannot be considered to be 
complete below a very dark red heat, and by the time the bricks 
have reached this temperature a large part of the vegetable and 
other combustible matter will have begxm to decompose, and the 
bricks will have entered upon the second stage of burning. 

In continuous kilns the first stage is usually considered at an 
end when the goods have reached a temperature of 120° G. (as 
shown by a thermometer lowered in the kiln); but the attainment 
of this temperature really only indicates that the goods are suf¬ 
ficiently hot for the waste gases from previous chamliers under 
fire to be passed through them. This is very different from say¬ 
ing that the goods are really dry or that all the steam has been 
removed! 

The completion of the “ steaming ” is usually tested 
by placing a long, cold iron bar into the kiln or chamber 
and withdrawing it after a few seconds. If much steam 
is present the bar wiU become damp, but the test is a ’ 
very crude one and far from being satisfactory. 

A much bettor plan consists in lowering a suitable 
thermometer, protected in a metal case (fig. 244), into 
the kiln by means of a light chain, and reading the 
temperature when the thermometer is again withdrawn. 

The metal case serves, to show any condensable water 
vapour in the kUn, and the thermometer, by indicating 
the temperature, shows the burner whether it is safe to 
fire more vigorously. 

Owing to the large volumes of steam produced during 
the first stage of burning, the kiln should have several 
openings through which steam may escape. Some 
bricks are sufficiently strong to enable the steam to 
be drawn away through flues, but with delicate 
draughts must be avoided as much as possible. mometer. 

There is much difference of opinion as to whether the 
steam should be removed from the upper or lower parts of the kiln. 
As the damp air is specifically heavier than when it enters the 
kiln (because the contraction due to loss in temperature is greater 
than the increase in volume caused by the water vapour) the 
theoretically best method is to withdraw the steam from the 
bottom, but as the constant c^tact of the lower bricks with 
moisture tends to soften them (m they have to carry the weight 
of the bricks above them) it is, on this account, often necessary 
to remove the steam from the upper part of the kiln. In certain 
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modern continuous kilns the steam may be removed from several 
j>arts of the chamber simultaneously. 

When the. bricks are not sensitive to air-currents they can 
most safely be dried and heated by passing hot air through the 
kiln or chamber. 

Volatilization or elimination of combustible matter forms the 
second stage in burning bricks, but the changes which occur in it 
are often exceedingly complicated. Thus, it is not merely that 
certain materials are volatilized, but the combustion of vegetable 
and other matter in the clay takes place at this stage, and the 
colour of the bricks is often seriously affected if this portion of 
the burning is unduly hurried. 

As is well known, the colour of red-burning clays is largely 
due to the presence of red iron oxide, a material which is very 
sensitive to partially burned vegetable matter. Thus, if mixed 
with vegetable matter and rapidly heated with a limited supply 
of air, bricks containing much iron oxide will have a bluish or 
slag colour when taken out of the kiln, as the vegetable matter 
acts as a reducing agent and prevents the formation of the red 
colour, unless the conditions required for its production are all 
present. Many discoloured bricks and most bluish “cores” or 
“ hearts ” in bricks, which should burn to the same colour 
throughout, are due to the presence of carbonaceous matter 
which has been heated too rapidly and with an insufficient 
amount of air. 

To bum a brick to a good colour throughout, it is necessary 
to ha ve an ample supply of air in contact with each particle of 
the brick, so that any iron compounds present may bo completely 
converted into the red oxide. With some particularly difficult 
clays alternate heating, with and without air, may be necessary 
before this red iron oxide can be obtained. 

Most burners make the mistake of using too little air and of 
heating too rapidly when the goods are at a temperature of 750 ° 
to 950° C.; and if a brick when broken shows a distinct core, the 
kilns in which other bricks of the same material are burned 
should be kept for some hours at a temperature of about 900° C. 
(dull red), with an ample supply of air and a clear burningi fuel, 
until it is certain that all the core-forming material has ))een 
burned out. If once the temperature is allowed to liecome so 
high that partial vitrification sets in, the core can never be 
removed by prolonged Imrning, as the pores of the brick wiU be 
closed and air cannot get to its interior; for this reason, it is 
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essential that the heating should he very steady during the 
second stage of the burning. 

The time required for this second stage varies greatly with 
different clays. AVith some very open materials it may be passed 
in ten hours, but with dense clays containing much iron and 
some organic matter it is necessary to keep the bricks at a dull 
red heat for four or even five days if cores are not to be formed. 
The most difficult clays to deal with at this stage are those (such 
as some shales) which contain a certain amount of “ fuel ” inter¬ 
mixed with the clay. 

The method of manufacture has a great influence on the 
time taken for this second stage of burning, and a dry-press 
brick being often loss dense than one made from plastic clay 
will be correspondingly easy to fire. Occ-asionally, however, a 
dry-press ))rick of exceptional density ‘Is obtained and is very 
troublesome. Probably no clay exists which (ainnot be burned 
properly at this stage, Imt if the time required is excessive, the 
cost of treatment may make, it prohibitive from a commercial 
point of view. 

(Ilays which contain pyrites, or other iron and sulphur com¬ 
pounds, are particularly troublesome at this stage, as the sulphur 
acts as a reducing compound and tends to form an iron slag, un¬ 
less the heating is exceedingly slow and tedious and the clay of 
a very porous character. This slag often fills up the pores, and 
prevents a well-coloured luick being produced. 

Blue bricks are burned with a minimum quantity of air at 
this stage, as the formation of a slag is ilesired in order to bind 
the clay particles thorouglily together. This is, however, a 
special case. 

For ordinary iniff- and red-lmrning Iricks, it is highly im¬ 
portant that, during the time in which they are at a temperature 
of 750° C. to 950° (I., they should have an abundant supply of 
air and no smoke, and that the temperature should not 1)6 raised 
above a dark red heat until it is fairly certain that the iron has 
been fully oxidized and all co]ut)ustible matter removed. Un¬ 
less this is done, and the oxidization is completed iiefore vitri¬ 
fication sets in, the formation of “ cores ” or “ liearts ” is almost 
certain to occur. 

When clays are burned at temperatures approaching 1200°C., 
it is practically impossible to admit any excess of air without a 
special regenerator, and consequently it is inqiossible to pre¬ 
vent an occasional reduction at this temperature. This will not 
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matter much if the clay has been properly oxidized at 900° C., or 
thereabouts. On the other hand, it may generally be assumed 
that goods not oxidized at or near this temperature will never be 
oxidized. 

In some cases where irregularly coloured bricks are required, 
it is usual to heat with and wthout air alternately. This opera¬ 
tion is known as “ flashing ” and is tegun towards the end of the 
second stage of heating. By heating with a smoky flame and but 
little air a lJuish shade is produced, and this is partly destroyed 
and replaced by a red shade when the bricks are heated with 
plenty of air. Th(^ combined shades are sought by some archi¬ 
tects and builders who do not likt^ the “ monotony ” of walls 
made with evenly coloured bricks. In some yards this alterna¬ 
tion of heating is done more or less unconsciously by the burners, 
as in the manufacture af ‘‘ purjde ” sand-faced bricks, which lend 
themselves readily to such treatment. When blue bricks show 
patches of red on them it is a sign that too much air has been 
used at some stage of the ) aiming. Clay which has been mixed 
with coal or sawdust needs specially careful firing at this stage. 

A brick which has lieen jiroperly fired to the end of the second 
stage will, if broken, be of uniform colour throughout the whole 
cross-section, but it will be soft and weak. If, on the contrary, 
it has been hurriedly fired, or with too little air, it will show a 
spot of dark c.olour on the broken face, the size of this spot 
depending on the incompleteness of the air-supply. In some 
instances a broken brick shows only a narrow border oxidized, 
the whole interior of the brick being unaffected, whilst another, 
which has been better treated, may only show an unoxidized spot. 

Full Fire is the stage at which the bricks are finally heated, 
the object being to cause sufficient vitrification to form a solid 
and durable brick. In “baked” )>ricks (p. 337) this stage is 
never reached, as the firing of such bricks is ended at the close 
of the second stage, or very early in the “ full lire ” stage. The 
full firing is not complete until the goods have entirely ceased to 
contract without losing shape (and would not do so even if heated 
150° C. or so higher), and when some amount of fusion of certain 
constituents has taken place so that the maximum available 
density is reached. This is somewhat lower than the absolute 
maximum density, which only occurs after the bricks have lost 
their shape, and so is useless for practical purposes. 

■ Thus, if a brick or tile made from a clay is found to absorb 
15 jier cent of water when fired at cone 022, and only 12 per cent 
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at cone 020, and if, no matter how much hotter it is made, the 
absorption never sinks below 10 per cent without the clay losinf! 
its shape, it is clear that for all practical purposes the best finish¬ 
ing heat is somewhat above cone 020. 

When clays are subjected to a sufficiently high temperature 
a certain amount of fusion takes place, some of the ingredients 
melting and binding the others together in a more or less vitrified 
mass. When this fusion (jommences, the clay has softened suf¬ 
ficiently to make the grains stick together, but the particles have 
not fused sufficiently to close up all the pores of the mass nor 
■to allow a recrystallization. The broken mass of the clay shows 
a dull surface, with laminations more or less distinctly evident 
in the mass, with many isolated particles showing no heat effect. 
If the burning is arrested at this stage the resultant mass will be 
slightly softer than steel, will absorl) water quite readily, and will 
disintegrate under the continued absorption of alkaline and acid 
liquids. It is then said to be in a state.of incipient vitrification. 

Under a continual and gradual increase of temperature the 
clay granules undergo an additional softening, sufiicient to close 
up all the pores and render the mass impervious, owing to the 
production of a larger amount of fused matter. Clays burned to 
this condition show, wlien broken, an extremely hard surface 
witli a smooth fracture, having a slight lustre and showing no 
laminations. The substance will not be scratched with steel, is 
impervious to water, and is completely vitrified. After the vitri¬ 
fication period is passed a sufficient rise in the temperature 
causes swelling and softening of the clay, until it leaves its original 
form and flows into a viscous mass. Upon cooling, the substance 
may crystallize partially, but usually forms a dark, glassy mass. 

The speed at which the temperature rises during the period of 
full firing may be much greater than diming the earlier stages, 
providing that it is sufficiently under control for the bricks not 
to lie over-heated. This qualification is necessary, because in 
some clays the finishing point of the firing, and that at which the 
bricks lose their shape and are spoiled, are not far apart, and if 
the heating of the kiln at the last is very rapid, many bricks may 
be spoiled by the inability of the fireman to keep the temperature 
within the necessary limits. 

Some burners allow the temperature inside the kiln to remam 
constant for a long time previous to finishing, and this is desir¬ 
able in some cases. In many instances it is, however, undesirable 
and unnecessary, as any such “soaking” should have been done. 
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at a tein^rature nofraxceediag that of a dull red heat (s^y 860 ° C<^.' 
and aot immediately hefore finishing the firing. Bo mu^ d^ends 
upon the nature of the elay and the effect which it ia desired to' 
obtain by the action of heat that no general rule can be laid down, 
beyond the one that the temperature should increase steadily 
and its rise must be under complete control. 

The firing of a clamp kiln has already been described (p. 85). 
When once started, such a kiln needs no further attention as it 
burns itself automatically. 

Single kilns of all types are started by lighting a fire in the 
various fire-places, taking care to allow it only to smoulder for 
some time so that the first heating is not too ra])id. Later the fires 
are stirred so as to open them out, and liy more vigorous stoking 
they are caused to burn with steadfiy increasing intensity until the 
bricks are finished. • 

The mouths of the fire-boxes should lie kept sulficieutly o])en 
to allow the requisite amount of air to enter (unless special air¬ 
ports are provided), but care should be taken to avoid either too 
much or too little ah-. The faulty construction of many fire-boxes 
is responsible for much waste of fuel, and as a. general rule the 
air needed should be supplied exclusively through the gi-ate, with 
the exception of that needed immediately after each fresh charge 
of fuel. This supplementary air should be supplied through a 
siiocial series of openings which can be closed when not required. 
The common plan of working without doors and with shallow 
fire-boxes is wasteful in fuel and should be changed as soon as 
circumstances permit. 

The chief precautions to be observed are those already men¬ 
tioned, but when down-draught kilns are being fired the goods in 
the bottom ofdhe kilns will be under-fired, unless special care is 
taken to admit air to the upper portions whilst continuing the 
heating of the lower. The reason for this is the peculiar way in 
which coal burns. Instead of being a simple matter, as many 
burners appear to suppose, the burning of the fuel takes place in 
two distinct stages, viz. the burning of the gas and the burning 
of the solid fuel. When a fresh lot of coal is placed on a fire the 
heat of the fire converts part of the coal into gas and smoke, and 
if sufficient air is supplied both these sul)stances will be properly 
burned. As soon as the gaseous portion is all driven off, the solid 
part of the fuel (coke) needs a smaller sujiply of air per minute 
for its combustion, and unless some arrangement is made for 
regulating the air supplied to the fuel, too much air will enter the 
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To secure the best results, the air supplied should be heated 
to at least 600° C., but few kilnS have facilities for this purpose. 
Yet unless hot air is used, at any rate during the production of 
gas from the coal, it is very difficult to avoid the production of 
smoke. The author has used successfully a vertical flue running 
through the walls of the kiln above each fire-box, the air being 
drawn in through an opening near the top of the kiln, its quantity 
being regulated by a simple slide-damper. Some arrangement 
should be made whereby this hot air can be passed over the sur¬ 
face of the fuel in the fire-box or underneath the grate, the ash¬ 
pit being kept closed. 

The distribution of the heat in a down-draught kiln is facili¬ 
tated by using a kiln with a perforated floor. If this has not 
been made at the same time as the kiln, it can usually be added 
at a trifling cost afterwards. 

The chief precautions in firing a down-draught kiln are those 
already mentioned in this chapter, as referring to kUns in general, 
but there is always a risk in down-draught kilns of the goods in 
the lower portion being under-fired, unless special care is taken to 
.•Klmil air to tlie upper parts whilst still continuing to heat the 
lower ones. This is known as “ getting up the bottom,” and is an 
operation needing much skill. 

Broadly s])eaking, the firing of a down-draught kiln will be 
successful in ]iroT)ortion as the burner is able to recognize the 
varying temperatures in tlu^ different parts, and is able to work 
his fires accordingly. To do this effectually he must pay special 
attention to the ai)pearanoe of the different psirts of the kiln, but 
<!specially to that of the upper and lower ones. The firing of a 
down-draught kiln is, however, an operation which requires so 
much practice and judgment that it is impossible to describe it 
in detail. 

The “ finisli ” or end of the firing of a single kiln may be 
accomplished liy closing all the fire-place mouths and other 
openings with bricks, or slabs, so as to exclude aU air except 
such as may leak through the brickwork, or the fires may be 
drawn out of the fire-places previous to closing these as just 
described. The author prefers an intermediate method, and 
opens out the fires with a poker immediately the goods axe 
sufficiently burned, so as to allow the fuel to burn up rapidly 
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but with SO much air that the temperature of the kiln does not 
increase. When the fires have died down he closes the holes, 
more or less completely, according to the nature of the goods, 
leaving the damper connected to the chimney as widely open as 
the circumstances of the case permit. In this way it is often 
possible to get a better colour than when the kilns are closed 
completely immediately after the firing, and danger of cracking 
the goodp is negligible if care is taken not to allow too much cold 
air to enter at one time. 

Bricks can often be improved greatly in colorn: if, when the 
firing is finished and the kiln “ closed up,” a number of openings 
are made in the front of the kiln about two hours after the com¬ 
pletion of the “ closing ”. Those openings should be small and 
numerous rather than large and few in number, and they should 
remain open for about an hour or ninety minutes, so that suffi¬ 
cient air may enter the kUn to “ brighten up ” the goods. The 
holes are then closed, daubed up with clay, and the cooling of 
the kiln allowed, to proceed in the usual manner. It is remark¬ 
able what a difference in the appearance of the bricks is pro¬ 
duced when this simple dodge is resorted to with the majority 
of clays. The improvement is probably due to the fact that the 
discolorations of bricks are mostly due to their being heated in 
a reducing atmosphere, whereas when this air-supply is used 
after the finishing of the kiln, those discolorations are removed 
by the oxidizing action of the air admitted. 

Newcastle kilns often differ from othe,r single kilns in having 
no grates on which the fuel is fired. Opinions differ greatly as 
to the advantages and disadvantages of grates, particularly dur¬ 
ing the third stage of firing, where the coal is liable to clinker 
badly. On the whole it may be said that grates are best when 
but little clinker is produced, as they enable the fuel to burn 
more economically. Even when much clinker is liable to form, 
the presence of a pan of water or a steam jet beneath each grate 
will often reduce the amount produced, and in other (bad) cases, 
the fuel should be fired direct from the ground, the waste of fuel 
being less serious than the waste of time involved in removing 
the clinker. For bm'ning building-bricks in Newcastle kilns, 
grates should invariably be used. For fire-bricks—where the 
heat is more intense—grates are often a nuisance, unless the fuel 
is burned in a gas-producer. 

The burner may know when to cease firing his kiln by (a)- 
determining the temperature by means of Seger cones or some 
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other pyrometer, or (6) by determining the amount of shrinkage 
which has occurred. This latter is the most popular method at the 
present time, but progressive burners are utilizing it in connexion 
with some form of draught-gauge or temperature recorder as (a) 
so as to secure more uniform results. 

The usual method of measuring the shrinkage is by means 
of a metal rule which is pushed through a hole in the top of the 
kiln from time to time, the heating being continued until the 
bricks have settled to a predetermined amount which varies 
with the clay, but is usually about 1 in. per ft. 

Unfortunately, the amount of shrinkage or settling is often 
influenced by the proportion of water in the clay paste used for 
making the bricks, and can only be regarded as a rough guide 
in finishing the kiln. Some firms use small, accurately made 
trial pieces which they draw from the hijns, and measure very 
accurately so as to determine the shrinkage. This method is 
little if any better than the simple use of a measuring rod as 
described, as far as firing bricks is concerned. Seger cones are 
superior for this purpose when properly used. 

The firing of a continuous kiln is a matter requiring special 
care and attention, as failure to keep a sharp look-out on what 
is going on in each chaml)er may result in disaster. The num¬ 
ber of dampers and valves in a modern continuous kiln is often 
large, and a man of considerable intelligence is needed to pro¬ 
duce satisfactory results. 

There is no greater difficulty in firing a continuous kiln than 
is found in burning an equal number of separate chambers, find 
the labour required is far less, as for the greater part of the 
heating of any chamber no attention is required at all, if the 
kiln is properly built and is sufficiently long. Hence, when a 
burner once gets accustomed to continuous kilns he seldom cares 
to fire single ones. 

In a continuous kiln the main object is to make as much use 
as possible of all the heat available, by passing the products of 
combustion from one chamber through a number of others be¬ 
fore admitting them to the chimney. This arrangement secures 
a great saving in fuel but must not be carried too far, or the 
goods will be spoiled by “ scum ”. This scum is caused by the 
moisture in the gases condensing on the freshly set goods and 
the acid vapours dissolved by the water thus formed. It is, 
therefore, essential that hot air, free from moisture and fire- 
gases, should be used for drying bricks and raising them to a 
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temperature of 120° C. in a continuous kUn. When above this 
temperature little or no condensation can occur, and the forma¬ 
tion of scum is thus prevented. The precise means used for the 
supply of warm air for this purpose depends on the design of the 
kilns used; usually air is drawn through chambers filled with 
bricks which have finished firing. The air passing around the 
cooling bricks becomes heated and is then taken to the freshly 
set chambers, being mixed with sufficient cold air to prevent the 
new bricks from being damaged. 

When no such supply of warm air is available some form of 
stove or a wicket fire must be used, or, if the kiln is one ])rovided 
with grates, the fuel may be placed on these. In some modern 
kilns, special flues for the heating of air are employed (pj). 272 
to 275 and 297 to 299). 

As soon as the bricks in a chamber have all reached a tem¬ 
perature of at least ]20°C. the si)ecial heating is stopi)ed, and, 
by an arrangement of dampers, the chandier thus pre])ared is 
placed in the regular circuit of the kiln, the tire-gases i)assing 
through it before entering the (diimney-tlue. The number of 
chambers through which the. fire-gases jaiss should not he less 
in total length ‘then 56 to 70 ft., or, say four or five cJnimbers, 
each 14 ft. long, unless some very unusual conditions prevail. 
No fuel is used in these chambers; they are heated exclusively 
by the waste heat of the fire-gases until they reach a later stage 
in the firing. 

The use of fuel is confined to about 40 ft. in length or aliout 
three chambers, so that a successfully fired continuous kiln of 
medium length (sixteen chambers) will always have one chamber 
being filled, one chamber being emptied, three chambers cooling 
and supplying warm air to the freshly set goods, three chambers 
supplied with fuel and nearing the end of firing, five heated with 
fire-gases only, and three froshly-set chambers heated by wickets 
or warm air. If more chambers are available the number heated 
with fire-gases and fuel may be increased, and two chambers may 
be filled daily instead of only one. 

If there are fewer chambers, as, for instance, in a fourteen 
chamber kiln, the temperatures in each chamber will be some¬ 
what as follows:— 
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No. 1 chamber 

" Smoking ” 

15° to 120° C. 

„ 2 ■ „ 


»» 

8 

Heating 

120°to 200° C. 

„ i „ 


200° „ 400° C. 



400° „ 600° C. 

6 „ 


600° „ 700° C. 

„ ^ 

Being fired 

700°,, 880° C. 

.. 8 „ 


880° „ 1057° C. (Cone02a)‘ 

„ 9 

Cooling 

1000° „ 600° C. 

„ 10 

M 

600° „ 360° C. 

11 


360“ „ 160° C. 

„ 12 


160° „ 50° C. 

1* 13 

Being emptied 

“ Cold ” 

„ 14 „ 

Being filled 

11 


The temperature, etc., of each chamber may also be shown 
(lia^ammatically as in fig. 245 which is a slight modification of 
an illustration published by J. Osman 6: Co., Ltd., for their “ New 
Perfect ” kiln, but which is equally applicable to any continuous 
kiln with the same number of chambers. 
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Fig. 245. —Method of working continuouR kiln ^ 


The firing of a continuous kiln takes place in three stages, 
viz. (a) “ smoking ” or “ drying ”; (fc) heating by waste heat from 
other chaml)ers; and (c) full fire, but each of these may be sub- 
ilivided where troublesome clays are burned. 

The smoking or drying in a continuous kiln is not carried so 
far as in a single one, for as soon as the contents of a chamber 
have reached a minimum temperature of 120° C. they may pass 
to the second stage of heating. 

“ Smoking ” may be accomplished by wicket fires, stoves, or 
the use of hot air from other chambers in the kUn, the last 
named being preferable in every way when the supply of hot 
air is sufficient, and providing that its temperature can be regu- 

* Some variation of these fignres must, however, be permitted, owing to the 
widely different treatment required by some clays. 

23 
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lated with sufficient accuracy. To use this hot air (produced by 
drawing cold air through the chambers containing bricks which 
it is desired to cool, or through special air-heating flues above the 
arch or below the floors of other chambers) the necessary valves 
or dampers in the kiln are so jdaced as to deliver the air where it 
is needed, a supply of cold air being added if necessary. When 
once the dampers have been placed in their proper positions 
the bricks are warmed automatically, and the burner has only to 
regulate the amount of air admitted, so that the temperature of 
the freshly set bricks increases at the desired rate. 

The construction and arrangement of these hot-air flues have 
been made the subject of numerous patents, and wliilst they 
differ from each other in many respects, they have many features 
in common, and the diagram shown earlier (fig. 193) of the 
“ Manchester ” kiln (Dqan, Hethrington & Co., Leek) includes the 
chief features of them all. The chief difficulty to be overcome 
lies in the enormous volume of steam and air to bii drawn through 
the chambers during the smoking, and in not a few cases kilns 
have failed to work successfully for no other reason than that the 
designers did not allow sufficient flue-space for this i>urpose. 

As will be seen from the illustration (fig. 193) the smoking 
may take place in either an upward or downward direction, 
according to the nature of the goods and the wish of the fireman, 
though in this particular instance the ah from the cooling 
chambers is only shown as coming from the hot air flue S. From 
9 the hot air passes to below the gi’ate of the chamber, uj) through 
this—^the grate in this kiln being similar to that in the Belgian 
and other kilns in which the fuel is kept out of contact with the 
goods, by being fired on a special flat grate—into the chamber A, 
where it dries the damp goods. The steam and hot air then rise 
upwards, as shown in chamber B (which is a section farther along 
the same chamber), until it escapes through large holes in the 
roof to the space between the two arches with which this type of 
kiln is furnished. Prom the arch the steam passes through a 
large flue to the chimney stack, as indicated liy the arrows in the 
illustration. 

This arrangement of a double arch to the chamber enables 
flues of ample size to be constructed so that the steam may l)e 
drawn off as rapidly as is desired, and the same arrangement 
enables an equally abundant supply of hot air to be supplied 
from the cooling chambers to the flue S, from which it may be 
transferred to any chamber needing it. When delicate clays are 
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being dried or smoked the opening of the “ cold air valve ” per- 
juits of air of any desired coolness being admitted to the chambers. 
This admixture of cold air is of enormous value in some cases, 
and kilns possessing arrangements for producing it are con- 
sequentl}' better than those without it when high-class goods are 
being fired. 

In many continuous kilns there is no provision for using air 
in this way, the air passing over the cooling bricks being used for 
the main fire or being wasted. In such cases wicket fires or 
stoves must be used, or, if the kiln is provided with internal grates 
these may be used instead. Grates may be Imilt in the wicket 
if desired, but a commoner plan is to burn the fuel on the ground 
(tig. 185), a poke hole (a) and another (6), about 1 ft. square, being 
left through which fresh fuel may be added. The fire must 
smoulder or smoke for many hours so as to prevent the bricks 
being over-heated at first, the cliamber being separated from those 
on either side of it by iron or paper dampers, and the damper 
connecting the ciiamber to the main flue being kept open. At 
the same time it is often wise to open the feed-holes in the top 
of tlie kilns, unless special flues are provided for the removal of 
the steam. 

When the bricks have reached the requisite tomi)erature 
(120" C.) or when the fireman judges they are sufficiently heated, 
the lioles in the wicket are built up and the heating is continued 
by the lireaking down of the i)aper damper, or the removal of the 
iron one, and the consequent admission of hot gases from the 
next chamlier. Tlie damj)or connectingthe latter to the chimney 
is closed. 

In many kilns wicket fires are unsatisfactory, because the 
Jicat is so unevenly distributed throughout the ciiamber and 
the amount of unwarmed space (dead space) is often very large. 
This objection may be partly overcome by the setters construct¬ 
ing a series of flues through the bricks, but some amount of 
unevenness appears to be inevitable. 

A better plan (though not as satisfactory as the use of warm 
air) consists in the use of a number of small stoves which fit into 
the feed-holes in the arch of the chamber (fig. 187) and through 
which air, heated by the fuel in the stoves, is drawn down into 
the kiln. The number of these stoves needed at one time varies 
with tile nature of the clay; in many cases a stove should be 
jdaced in each feed-hole of the chamber to be warmed. As the 
chamber dries a row of stoves is taken to the next chamber. 
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With delicate clays a single row of stoves may be used. One 
objection to the use of these small stoves is the condensation of 
moisture which is liable to occur on the bricks in the lower part 
of the kiln, thus softening and spoiling them. This objection is 
more apparent than real in many cases. 

In order to ensure the whole of the contents of a chamber 
having a minimum temperature of 129° C. it is desirable to use a 
thermometer enclosed in a brass tube, in which a slit has been 
cut BO that the thermometer may be easily read (fig. 244). By 
lowering this thermometer into different parts of the chamber by 
means of a thin chain, and after a short interval withdrawing it 
rapidly and reading it, very satisfactory results can be obtained, 
providing that the thermometer is sufficiently slow acting, or has 
some self-registering arrangement so that its readings are not 
affected by the time taken to withdraw and read it. 

Unfortunately the thermometer is often used carelessly, and 
many badly smoked chambers result when this is the case, as the 
thermometer is not a “ regulator ” but merely an “ indicator ” of 
, what is going on inside the chamber, and if its indications are 
disregarded, or if its employment is carried out superficially 
instead of thoroughly, well stoved goods cannot be obtained. 

The best part of the chamber for testing with such a ther¬ 
mometer is aS'close to the sole as is possible without the ther¬ 
mometer actually touching it, but temperature readings should 
also bo taken at different heights in the chamber, because the 
difference in temperature is often very considerable, and particu¬ 
larly so when the goods to be fired are very damp. This is one 
reason why goods should not be placed in the kiln unless they 
are as dry as possible, as irregular heating, even during the smok¬ 
ing, is not desiralde. 

The difference in temperature between the sole and top of the 
chambers undergoing smoking varies with different kilns, but 
there appears to be a definite relation between the height of the 
chamber, the draught of the kiln, and the proportion of moisture 
evaporated per minute from the goods, though this relationship 
has not been accurately determined. 

It is a rule, common in many brickyards, that the smoking 
must not be stopped until the lowest temperature in the chamber 
is 120° C., but when very wet goods are set it is almost impossible 
to carry out this rule without seriously delaying the kiln, as until 
all the moisture has been driven out from the goods this temper¬ 
ature cannot be obtained, and the temperature at the sole of the 
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chamber may easily register 700° C. or even show signs of redness 
whilst the upper goods are still at a temperature of only 100“ C. 
Thus, it is not uncommon to find that a piece of newspaper will 
catch fire if thrown into one part of a smoked chamljer whilst 
another part will (on account of the dampness of the goods) still 
have a temperature lower than that of boiling water! In such 
cases the use of paper dampers between the chambers is unsatis¬ 
factory, because the paper is destroyed before the whole of the 
chamber is properly smoked, and sometimes the accumulation of 
condensed moisture on it is so great that the paper softens and 
falls. 

It will generally be noticed that the unevenness in temperature 
is greatest when the ventilation of the chamber is low, and the 
rate of drying or steaming is high, as the moisture causes irregular 
currents in the chamber, and the accumulations of water-vapour 
which occur are difficult to dissipate unless some vent is given. 
In some of the more recent forms of continuous kiln, special 
steam vents are arranged for this purpose, but even when these 
are absent much may be done by opening the caps of four or five 
feed-holes in the arch of the chamber, so as to allow the steam 
to escape, or, if the draught of the kiln is strong enough, to draw 
a current of air through the chamber. 

The second stage of heating in a continuous kiln needs little 
comment. The temperature of the bricks must not be allowed 
to rise too rapidly and an ample supply of air must be admitted 
in order to burn out the carbonaceous matter in the clay, but if 
these points are watched, and the precautions mentioned in the 
section on firing single kilns from 800“ C. to 950“ C. are observed, 
no difficulty need be anticipated. 

The gases used at this stage of the firing are earned forward 
through one chamber after another until their temperature is 
reduced to about 200° C. or even less. They must not be used 
when below 150° C. however, or they will cause condensation 
products to form on the goodk and they will not rise readily uj) 
the chimney. The temperature at which these gases are admitted 
to the chimney will, therefore, depend on the draught required 
in the kiln and on the number of chambers available. As the fire 
travels forward, the time will eventually come when a fresh 
chamber has to be heated by fuel and it thus passes into the third 
stage of firing. 

The full fire or third stage of burning in a continuous kiln 
requires care and skill. The manner in which it is conducted 
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depends largely upon the construction of the kiln. Thus in the 
original Hoffmann kiln small fuel is fed in through the feed-holes 
in the arch and lodges on projecting pieces of brick in the fire- 
shafts placed there for that puriwse. In this type of kUn, there¬ 
fore, the fuel is scattered amongst the bricks to be burned. The 
fuel is added in very small quantities at a time, in accordance 
with the old niaxini to “fire lightly but often ”. If the burner 
should try any other method to save either himself or the coal, 
trouble is sure to result. The bricks should not be fired until 
there is sufficient heat in the chamber to ignite the fine coal or 
“ duff” which is generally used in the burning of continuous kilns. 
If care is not taken in this matter, the fine coal will immediately 
turn to coke, and choke the trace-holes, stopping the draught and 
spoiling the bricks agaiijst which the coke rests. Tho quantity 
of coal used per thousand will vary according to the nature of 
the clay, but should not exceed cwt. per thousand (common) 
bricks in a well-designed kiln. 

The author's personal experience is that every continuous kihi 
reijuires careful and regular attention to make good work, and to 
get the most out jof it. It jnust be fired very regularly and very 
lightly ; l)y no means must a flue got blocked or have a large 
quantity of fuel in it. 

To get tho greatest quantity out of a kiln a regular draught 
should he maintained, and as long a length of fire as the kiln will 
iillow. The fireman must he constantly feeding; ho should not 
put down more in each hole than it will consume by the time he 
gets to the last, so that he commences again at the first as he 
leaves at the last, and should just keep sufficient up-draught to 
burn the bricks on top. lie should work in a contrary direction 
to that in which the fire travels, or the smoke from the last-fired 
holes will prove troublesome. 

If a continuous kiln travels slowly, a quantity of c.oal or cinders 
collects in the bottom; this means black-ended 1 ricks. It is often 
as well, if there is anything on the bottom, to stir it with a. rod 
after the bricks have got below burning heat. The back rows 
should )>e left at as near a burning heat as ))ossib]e, then the 
coal will all Imrn away, and leave the kiln bottom clean and the 
bricks free from black ends. 

The whole secret of successful burning is attention and 
regularity. 

In tho more modern types of continuous kiln a series of grates 
running from front to back is used. This an-angenient, first intro- 
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duced in the “ Belgian ” kiln, has become very popular, as it makes 
both setting and firing much easier and the heating is more under 
control. The fuel may be fed on to the grates through openings 
in the front of the kiln or through the usual feed-holes in the arch, 
some burners preferring one and some the other method. Air 
for the combustion of the fuel may be supplied direct from the 
atmosphere to below the grate, or special flues may be used. To 
some extent air from the chamber last finished firing may also 
be employed. 

The fuel on the grate should be kept atx)ne depth, and fresh 
fuel should be added in small quantities at a time, as, if too large 
a, quantity of coal or fuel is added at once, the cooling effect it 
produces will cause the violent produce,ion of smoke and the waste 
of much heat. 

AVhen properly fed with a fair quartity'of coal, the combus¬ 
tion is so complete that no elinkering is needed during the heating 
of the chamber. The small quantity of ash produced may be 
removed when the bricks are drawn from the chamber. 

By working with a fair depth of fuel the conditions usually 
met with in a producer are obtained, and in consequence there is 
Init little advantage to be gained by the installation of gas-pro¬ 
ducers when a kiln of this type is used. 

The accurate control of temperature in kilns has only been 
attempted by a small number of brickmakers in this country, and 
the majority of burners estimate temperatures by the eye (which is 
often defective, though in many cases remarkably accurate), and 
decide that when the shrinkage of the bricks has readied a certain 
amount it is time to cease firing. 

Whilst these “guides” are quite accurate enough for the 
manufacture of common liricks from many clays, they are far 
from being reliable, with more delicate materials, and other means 
must be adojited. 

For most ])nrposes the use of Heger cones is to bo recom¬ 
mended, as these aresimpleagd cheajt in use (costingonly Id. each) 
and are very reliable. Such cones do not register temperatures 
so niucli as the result of heat action, but as the latter is what the 
brickmaker wislios to know, cones are often more valuable to him 
than a ]>yrometer would be, and this in spite of the fact that the 
]irolonged action of heat at a certain temperature will bring down 
a. cone which is only rated to fall when subjected to a higher 
temperature. “ Tlieruioscopcs ” are bars which." sag ” on heating. 

Seger cones are iiyraiuidal )>ieces of partially burned material 
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Tesembliug easily fused porcelain (fig. 246). They are made from 
various mixtures of cfay and fluxe.8 
under very careful supervision, and 
are rigorously tested before being 
sent out. Similar cones by other 
makers are occasionally oifered for 
sale, but should be avoided unless 
the conditions of their manufacture 
are known or their reliability can be 
guaranteed. 

Seger cones are so constructed that when one js embedded 
in a stiif piece of clay paste to the depth of one-eighth inch or 
rather less it stands upright until it has Iieen heated to a given 
temperature. It then bends over until its i)oint touches the 
clay base, and if still further heated it molts. The temperature 
indicated by the cone is that at which its point just reaches the 
level of the base (fig. 247). A lower temperature will not cause 
it to bend so much as this, and a higher one will cause it to 
collapse. The cones are sold to indicate differences of 20 ” C. for 



Fig. 240.-~Method of plaeii^; 
Seger oonee. 



Fig. 248.—“CaBe ” for 

Fig. 247.—Seger oones in “ case holding Seger cones. 


all temperatures from just below the earliest visible red heat to 
those at which the most refractory clays melfc 

The cones are placed in different parts of the kiln at various 
heights in order that they may enable the burner to secure 
regularity of heating. At first a larger number of cones will be. 
required, but later (as the burner becomes accustomed to their 
use) three different numbers of cones in each part of the kiln will 
be sufficient. 

Of these three numbers, one is intended to act as a “ warner,” 
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showing that the finishing temperature of the kiln is being 
approached, the second is intended to show when the kiln has 
reached the correct finishing point, and the third is’ to indicate 
(when the kiln is ,drawn) whether any over-heating has taken 
place. 

The cones must be so placed that they can be seen through 
spy-holes placed in the walls of the kUn (these holes being norm¬ 
ally plugged with blocks or pegs sealed with clay paste) and the 
■cones should not be too near the outside of the kiln. In most 
■cases, the arrangement shown in fig. 246 is satisfactory; but, if 
preferred, a “ case ” (figs. 247 and 248) may be used. 

The range of temperature covered by these cones is shown in 
the following table:— 


No. 

Cknt. 

N«. 

Cknt. 

No. 

Cbnt. 

No. 

Cent. 

022 

600“ 

07a 

960“ 

9 

1280“ 

29 

1650“ 

021 

660“ 

06a 

980“ 

10 

1300“ 

80 

1670“ 

020 

670“ 

OSa 

1000“ 

11 

1320“ 

31 

1690“ 

019 

690“ 

04a 

1020“ 

12 

1350“ 

82 

1710“ 

018 

710“ 

03a 

1040“ 

18 

1380“ 

33 

1730“ 

017 

760“ 

OSa 

1060“ 

14 

1410“ 

34 

1760“ 

016 

750“ 

Ola 

1080“ 

15 

143.5“ 

35 

1770“ 

015a 

790“ 

la 

1100“ 

16 

1460“ 

36 

1790“ 

014a 

816“ 

2a 

1120“ 

17 

1480“ 

87 

1826“ 

OlSa 

835“ 

3a 

1140“ 

18 

1500“ 

38 

1850“ 

012a 

855“ 

4a 

1160“ 

19 

1520“ 

39 

1880“ 

011a 

880“ 

5a 

1180“ 

20 ‘ 

1.530“ 

40 

1920“ 

010a 

900° 

6a 

1200“ 

26 

1580“ 

41 

1960“ 

09a 

920“ 

7 

1280“ 

27 

1610“ 

42 

2000“ 

08a 

1 

940“ 

8 

1250“ 

28 

1630“ 




Electrical and optical pyrometers are used in research work in 
c-oimexion with brickmaking, but are not, so far as the author 
is aware, employed as an integral part of the ordinary manu¬ 
facture, as they are delicately constructed, require special skill 
in use, and for most brickmakers’ purposes have no advantage 
■over the Seger cones just mentioned. 

For firing continuous kilns it is becoming increasingly common 
to check the work of the burner by means of a self-recording 
draught-gauge (fig. 249). This is desirable, because the main¬ 
taining of a constant draught is essential to success. 

The chart shown in fig. 250 indicates the variations in the 


’ Nos. 21-2'5 ure not now manulivotiired as their indications ate too close together. 
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draught of a kiln in which the fuel was usually added at intervals 

of 40 minutes, but by 
^ ^ no means regularly. 

^ ^ Tims, Iretween 12 and 2 

] T X-[ ■ o’clock, over an hour 

I elapsed lietween the 

stokings, and l)etween 
rlUij 0 and 4.00 no jiddition 

v555vS2Sw!>S(^®* 0 ^li occurred. The 

H dra\igl)t varied greatly 

' *'• irregu- 

I I' I Such a chart is eharac- 

i j jii'T teristic of a somewhat 

/ ([ ! fT {'areless lirnman. 

, /--r—-) il The great variiitions 

Ij wind naturally 

Fig. 249.—Obel recording dranght-gunge. lead to serious v ai ia- 

tions. The actual regu¬ 
lation of the draught, so as to keeji it :it a constant v.-due, must 

be done by means of 
dami.ers of various 
patterns, and by seeing 
that tberi! are no serious 
leaks in the Hues or 
walls of the kiln. As a 
check or means of con¬ 
trol of these numerous 
factiors the self-record¬ 
ing draught-gauge is in¬ 
valuable, as will be 
readily understood from 
the cbart reproduced 
from the “Tonindnstric 
Kalender". Against all 
the usual troubleswhieli 

Fm. 260.-Chart ot kiln draught. "'Sllt, when the 

tirenien are more or less 
sleepy, the gauge is a great assistance, as there is no means of 
falsifying its record short of breaking the instrument itself 
It is the constant use of an apjdiance of this kind which en- 




Fio. 260.—Chart of kiln draught. 
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ables a tairnor to appreciato tlu> ailvantfifio of niechanionldrausbt 
produced by the aid of a fan. 

It is, occasionally, necessary to work at a lower rate of fire- 
travel tlian usual, on account of an insufficient sn])ply of bricks, 
or because of the works beinp; closed on Sundays and Saturday 
afternoons. Where the older type of continuous kiln is used it 
is difficult to damp down for more than twelve hours, but with a. 
modern chamber kiln, in good order, little trouble is experienced. 
The best way, in each case, is to retard the burning as far as 
possible by r((ducing the draught, and feeding at considerably 
longer intervals. At the same time a fiat face of burnt bricks 
should be exposed in the chamber where drawing is in progress, 
and this should be paj)ered over completely with the “pai)er 
damper" used generally in barrel kilns. This paper damper 
must be watched, and it can be i)ierced, if found necessary, 
near the top to admit some air. As a rule, however, the kiln 
walls leak sufficiently to let in the air recpiired. This damper 
will ju’event too rapid cooling of the fire, and if the same feed-holes 
lU-e keT>t in operation as long as ]>ossible the advance of the fire 
will be very slow. In some modern kilns the paper may be un¬ 
necessary, as the dampers will shut ofl' all undesirable heat. 

lYovided a cdiaml)er is kept well closed, the amount of heat 
lost will not b(^ serious, and the amount of fuel burned will be 
inconsiderable. It is, bowever, unwise to leave a chamber in 
which the firijig of the goods is almost complete, without finish¬ 
ing it off ])roperly, the other chambers being held back in such 
a. manner as to prevent any harm occurring to their contents. 
Thus, it will not, as a rule, seriously damage goods to be kept 
)ndeflnit(dy at l.'iO'C. Iielow tbeir finishing point, unless they 
are glazed, though it is best to keep the temperature as low as 
I) 08 sible in goods which c.annot be finished at the nortnal rate. 

If kept soaking too near the finishing temiierature, there is a. 
tendency for the lower heat to a.ct as the higher temperature 
does in a shorter time, and finish the goods before the fireman 
exiiects it. Hence, it is not always possible to place ftdl reliance 
on c.ertaiji forms of beat indientor (such as cones and thermo- 
scopes) when the goods are put under the influence of an abnor¬ 
mally long soaking. 

Starting again after a. holiday or otbei’ stop])age is a difficulty 
in the older forms of continuous kiln, but in those with grates 
running from the wicket to the back of the kiln this difficulty is 
not nearly so noticeable, and in several of the more modern 
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forms of continuous kiln the simple addition of more coal to 
that on the grate, or box, is sufficient to restart the burning, 
especially if hot air is used to aid the combustion, as it is in the 
best forms of continuous kiln. 

The essentials for a kiln in which the output is irregular, or 
subject to frequent stoppages, are suitable grates or boxes for the 
fuel, a good system of hot-air supply for the combustion of the 
fuel, and a simple means of completely isolating each chamber 
from the rest. These conditions are found in the more recent 
forms of continuous kilns. 

The following “Don’ts for Firemen,” published anonymously 
111 the “ British Clayworker,” contain much sensible advice in brief 
form:— 

“ Do not leave your kiln until your mate has arrived at the 
end of your shift; if life is ill or late the kihi may be spoiled. 

“ Do not forget to tell your mate exactly how matters stand 
when he arrives. 

“ Do not think that a few minutes more or less between the 
firings will make no difference with a continuous kUn. Punctu¬ 
ality in firing is wortli far more tlian irregularity and skilled 
‘ dodging ’. 

“ Do not think that you can make up with heavy baitings for 
neglect at an earlier period. Such neglect always leaves its 
marks for the man who can read them. 

“ Do not fail to repair any leaks in the kiln walls, or, if they 
are too much for you to manage, do not omit to inform the man¬ 
ager or master. Much coal and labour can be saved by keeping 
a kiln free from leaks. 

“ Do not fail to be informed if damp goods are put into the 
kiln, so that you may regulate your firing accordingly. 

“ Do not hurry the first period of firing. Better a slow kiln 
and good results than a quick fire and a large scrap heap. 

“ Do not omit to clean out the fires properly. Efficient clean¬ 
ing improves the goods. 

“ Do not admit quite cold air to the ])art of the kiln to be 
heated. There are many ways of supplying warm or hot air in 
abundance; use one or more of them. (See “ hot air ” in Index.) 

“ Do not let the heat travel in'egularly, especially in a continu¬ 
ous kiln. 

“Do not omit to give an eye to the setters, so as to ensure 
their work being properly done. Better a little time spent in 
this way than hours lost in trying to work a badly-set chamber. 
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“ Do not forget to look frequently at the dampers; neglect of 
this caution may cause serious trouble,. 

“ Do not use damper-plates which are badly warped or bent. 
Get them made right or replaced by new ones. Warped dampers 
waste fuel. 

“ Do not think that no skill is needed with paper dampers. 
See that they fit tightly and remain whole until you are ready 
for them to break or burn. 

“ Do not dawdle with the fidl fire; but heat as rapidly as the 
goods will stand. Slow firing gives dull finishes. 

“ Do not carry the full fire too near the freshly-set goods in a 
continuous kiln, and, 

“ Do not start firing in a chami>er uiitil the goods in it have a 
temperature of at least 120° C. 

“ Do not forget to test the temperature ijt the end of the smok¬ 
ing or stoving stage with a thermometer. 

“ Do not think a poker will do instead of a thermometer for 
testing for steam in a chamber. ‘ Poker results ’ are often mis¬ 
leading. 

“ Do not fail to test the draught of the kiln frequently. A 
draught-gauge is often the best aid to oflicient firing. 

“ Do not think that the shrinkage of the goods will always in¬ 
dicate that they are finished. It all depends how dry they were 
when set. 

“ Do not finish ‘ by eye ’ alone. Use cones, or trials, or both. 

“ Do not think that all kilns are alike. Study the ones yon 
have to work as carefuUy as possible. 

“ Do not cool too rapidly; you may shatter the goods. 

“Do not ‘soak’ your kiln because it was necessary at your 
last place. With a different clay it may be an absolute injury 
to the goods. 

“ Do not hurry off a kiln at the finish, or the goods will be un¬ 
sound, but 

“ Do not keep the kUn over-long at a top heat; it may cause a 
‘ crush ’. 

“ Do not forget that the burner’s work is about the most im¬ 
portant of all, for no matter how skilfully the previous stages 
may have been carried out a careless burner can spoil the 
whole.” 

Cooling. —The average burner believes that bricks should be 
cooled as slowly as possible, whUst his employer considers that 
rapid emptying of the chambers is desirable. Consequently, the 
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one tends to unnecessary delay and the other to undue haste in 
drawing the kilns. Between these two extremes lies the correct 
method of cooling. 

With single kilns, the cooling is less under control than hi 
a continuous one, though much may be done by judicious altera¬ 
tion of the dampers, particularly when the kilns are enclosed hi 
another building. When the kilns are exposed, the cooling must 
lie slower if there are no facilities for using air at a temperature 
but slightly lower than that of the cooling goods, and if rapid 
cooling is attempted without tliese facilities the bricks will crack 
and break. 

Many tests carried out liy the author on a. large number of 
different clays show that the cooling may be relatively rapid 
until a temperature of about 600" C. is reached ; it must be slower 
for the next :t()0° G. or^thei'cabouts, and after this it may again 
liecome more raidd, jiroviding that cold draughts are avoided. 
In single kilns it is iinj)ossiblc to cool very rapidly and at the 
same time avoid cold draughts, and with such kilns it is, there¬ 
fore, necessary to cool slowly, and whilst no definite rate of cool¬ 
ing can be stated, it is wise to allow tiie cooling to take the same 
time as the heating r(>(iuired between the end of the smoking 
and the finishing of the cliainber, omitting any special time 
allowed for prolonged soaking in order to burn out carbonaceous 
or other matter, or to com])kdely oxidize th<‘ iron. 

The best rate of cooling must, however, be determined se])ar- 
ately for each kiln; and i>rovid('d the goods are not damaged, 
and no serious (juantity of heat is lost, the more rapidly the 
chambers are cooled the better. 

With a. large continuous kiln much more rapid cooling is pos¬ 
sible, as the air eirpdoyed for this purpose may be used at a 
temperature but little below that of the bricks, and, conse(|uently, 
large volumes of air may be employed without in any way 
damaging the bricks. 

To cool bricks nii)idly re(iuires a continuous kiln ol' great 
length, as at least 60 ft. should form the cooling i)ortion, and 
for very rapid cooling twice this distance is needed in some 
cases. The bricks will then cool as steadily as they were heated. 
One of the most foolish practices in many otherwise well-man¬ 
aged yards is that of having too few chambers in the cooling 
portion of a continuous kiln when a rapid output is reejuired. 

Attempts have been made at various times to hasten the 
cooling by blowing air into the kilns. These have only been 
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■satisfactory when warm air has been used, and this is commerci- 
iilly unprofitable in most cases. 

The ordinary brickmaker who wishes to cool single kilns more 
rapidly than usual, should make openings near the roof of his kiln 
and should leave his main dampers fully open. If the kiln has 
a flash-wall or bags, the fire-boxes may be opened partially, and 
the damper regulated accordingly so as to prevent too rapid a 
current of air being drawn through the kiln. Bricks vary so 
much in their abilities to withstand sudden changes of tempera¬ 
ture that each maker must decide, by actual trial, what is the 
best method of cooling his kilns. 



CHAPTER IX. 

VITRIFIED BRICKS FOR SPECIAL WORK. 

Poe certain engineering work, bricks of exceptional strength 
are required, and for this purpose those which are more vitrified 
than ordinary buildilg-bricke are selected. The reason for this 
is that in a well-vitrified brick the burning has been carried as 
far as possible, and the particles are bound together with a species 
of glass into a mass of enormous strength. 

The colour of engineering bricks is of secondary importance, but 
great strength and accuracy of shape are essential. In different 
districts very different kinds of bricks are used for this purpose, 
a vitrifiable red-burning shale being popidar in Yorkshire, a 
similar buff-burning shale being used in some parts of the Mid¬ 
lands and West, but the most popular engineering bricks are the 
“ blue bricks ” made in Staffordshire. 

These blue bricks are really slag-coloured, and are made from 
special clays (locally known as “ marls ”) which occur in great 
masses in South Staffordshire, particularly in the neighbourhood 
of Dudley. These clays require the use of powerful machinery 
as they are difficult to crush, and the kilns must be fired at a 
high temperature in order that vitrification may be as complete 
as possible. The “ blue ” colour is obtained as the result of the 
reducing conditions in the kibis at the high temperatures used, 
and under-burned bricks made from the same materials are red in 
colour. The iron oxide in the clay is reduced to a lower oxide 
and formed into a silicate, previous to the end of the firing. A 
similar effect is produced in some German works by the intro¬ 
duction of tar and oil into the kilns when they have reached the 
maximum temperature and are almost ready for closing. 

In making blue bricks from the Staffordshire marls, several 
superimposed materials are available, as will be seen from a study 
of a geological survey map of the district, which shows this long 
bed of “ clay ” very distinctly. As most of the eight or ten different 
layers found are of simOar composition, they are mixed together 
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for brickuiaking, but it is unwise to use the lowest beds, as they 
often produce a scum. 

The material must usually be obtained by blasting and fell¬ 
ing and is taken by wagons (into which the materials are put in 
the proper proportions) to the crushing plant. Here it passes 
through several sets of rolls (figs. 46 and 47) and thence into 
a mixer and pug-mill. Formerly the bricks were moulded by 
hand, but wire-cutting (pp. 76 and 180) is now the most popular 
method. For bricks of more than ordinary accuracy repressing 
(p. 139) is practised. The bricks are dried on heated floors 
(p. 157) or in tunnel-dryers (p. 161), and are fired in up-draught 
kilns of rectangular or circular shape. 

The use of continuous kilns for nine bricks has only been 
successful within the last few years, as very high temperatures 
are required and the conditions of burning are peculiar. With a 
double-grated chamber-kiln working on the continuous principle 
(Barnett’s patent, p. 300), perfectly satisfactory blue bricks may 
be obtained, using only about half the amount of fuel ordinarily 
consumed. 

The exact temi)orature reached in blue-brick burning differs 
considerably in difl'erent works in the same district, but is 
seldom less than 1200“ C. 

'The atmosphere inside the kiln must be strongly reducing, or 
alternately oxidizing and reducing, in order to gain the full advan¬ 
tage of the fluxing power of the iron oxide present. With the 
clays most suited for blue-brick manufacture there is no need for 
special precautions l)eing taken, providing the kiln is heated 
steadily and finished at a sufficiently high temperature, and that 
it does not leak excessively ; but with less suitable clays the pro¬ 
duction of good blue bricks demands the consumption of a large 
proportion of fuel, and tlie exercise of considerable skill in the 
firing. 

In each case, very little air is admitted during the last eight 
or ten liours, the dampers being partially closed during this period. 
Immediately the firing is completed all openings into the kiln are 
closed so as to exclude air until the bricks are quite cold, other¬ 
wise they will be of a reddish colour. 

Some burners throw a little salt into the kUn just before the 
close of the firing in order to facilitate the vitrification, but this 
is not to be recommended. 

Clinkers and Paving Bricks are vitrified bricks of any colour, 
their chief characteristic being hardness without brittleness. 

24 
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They may be made from any material in which the temperature 
of vitrification and that at which the brick loses its shape are 
not too close together. The manufacture of such bripke calls for 
no special description, as the chief precaution to be observed is 
that the firing must be suflScient to produce the necessary vitrifi¬ 
cation without making the bricks too hrittle or warped. 

They are chiefly made from low-grade fire-clays, shales, or other 
brick-earths naturally rich in alkalies, but occasionally the ad¬ 
mixture of a refractory clay with an easily fusible one will give 
equally good results. It is seldom possible to add a flux (such as 
Cornish stone) to a refractory clay in order to produce a good 
vitrified brick, as the particles of added matter are too coarse, 
Seger having found that, for successful work, the alkalies in the 
clay must be so finely divided as to be present in the finest par¬ 
ticles obtained by washing in a Schone’s elutriating apparatus. 

The standardization of paving bricks has been carried out 
far more completely in America than in Europe, the following 
requirements ahd tests being in regular use:— 

(а) The size of the brick is known as “ block size,” jpid must not 
vary more than J in. in any block. The preferred size is 8^ in. 
by 3^ by 4 in., exclusive of all lugs or projections; but bricks of 
other dimensions may be accepted for use provided the depth 
is 4 in. 

(б) Projections or lugs are required. 

(c) The brand or mark of the brick, to identify it by name or 
otherwise, must be on each brick. No blank bricks are to be 
used. 

(d) The shape of the bricks must be uniform and regular, and 
must not be distorted more than { in., from the straight edge laid 
in any direction on them. Edges must be rounded. All bricks 
must be repressed. 

(fl) The material of the bricks must be homogeneous, uni¬ 
form, free from laminations, cracks and voids, only very minute 
fire-cracks being allowed. The material must be thoroughly 
annealed, fused, and vitrified to toughness without excessive 
brittleness. 

(/) The abrasion or rattler test must be made in a standard 
rattler by the method of the National Brick Manufacturer’s As- 
sociation and the American Society of Municipal Improvements, 
‘The maximum loss of any one brick shall not exceed 18 per cent of 
its original dry weight. The average loss of all bricks tested at one 
time ‘must not exceed 14 per cent. The standard abrasion 
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machine or rattler is a cylinder of 14 staves or sides, J in. apart, 
inside diameter 20 in., length 20 in. It has no interior shaft, and 
revolves at 30 revolutions per minute for one hour. It cohtains 
a charge of 300 lb. of foundry iron shot of two standard sizes; 
and the charge of brick for a test must approximate 1000 cu. 
in., which is about nine bricks of the block size. Records of each 
brick in each test must be kept. 

(g) The modulus of rupture or cross-breaking of any one brick 
must not be below 2500 lb. The average of all bricks tested 
must not be below 2700 lb., by the regular formula M = (3WL) 
-e (2AD) in which L = 6 in. between supports, W= breaking pres¬ 
sure, A = area of cross-section at break and D=thickness of brick. 
The bricks must be tested on the side and the pressure applied 
lialf-way between the supports. At least three bricks must be 
submitted to this test. . ' - 

{h) The absori)tion of water by any one brick must not be 
greater than 3 per cent. The average absorption of all bricks 
tested must not exceed 2 per cent of their dry weight. The ab- 
sorj)tion tests must be made on either abraded or on broken 
bricks, by drying them for twelve hours in an oven, then soaking 
them for twelve hours in water. The increase of weight due to 
water absorbed, divided by the weight of the dry bricks, gives the 
])ercentaee of tlie water absorbed. At least three l)ricks must be 
used for this test. 

(i) The density or specific gravity must be determined exclusive 
of the porosity of the brick. No bricks must have a density of 
less than 2‘30, and the average density of all bricks tested must 
not be less than 2‘35. 

(j) The hardness is expressed in terms of Moh’s scale for min¬ 
erals, in which 100 is the diamond. The hardness of any brick 
must not lie less than 60, and the average hardness of bricks 
tested must not be less than 65 (i.e. between felspar and quartz). 

(fc) The crushing resistance must not be less than 7500 lb. per 
sq. in. for any bric.k, and the average resistance to crushing 
of all bricks tested must not be less than 8500 lb. per sq. in. 
The crushing tests must be made on about one-sixth middle 
sections of brick, with pressure applied in the direction of tbb 
whole thickness of the brick, which is the least dimension of the 
l>rick. At least three bricks must be used for this test. 

(i) Chemical tests may be made to determine if there are any 
water-soluble substances, such as free lime, potash, soda, etc., in 
the bricks; and if more than a trace is present the entire lot ol 
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bricks from which the sample has been taken must be re¬ 
jected. 

There is no immediate prospect of these or any other stand¬ 
ards being recognized by the paving brickmakers of this country, 
as the use of bricks for road-making here is not apparently in¬ 
creasing. In countries such as the United States and Canada, 
where great extremes of heat and cold are experienced, pave¬ 
ments made of brick possess many advantages over macadam 
and other well-known materials. 

Acid-proof Bricks are used in large quantities in the manufac¬ 
ture of various chemicals. They must be strong and accurate in 
shape and as resistant as possible to any chemicals with which 
they may come in contact. Many fire-bricks are sufficiently 
acid-proof for most purposes, particularly if salt-glazed, but 
when a superior brick fs required a ball- or stoneware-clay must 
be used. Acid-proof bricks are not usually required to withstand 
violent changes in temperature, so that they need not be made 
of clay possessing great he<at resistance. The best acid-proof 
bricks are those containing a considerable proportion _ of true 
clay, the exceedingly fine particles of which fill up the voids 
otherwise present, and the brick is made impervious apart from 
any vitrification which may have occurred during the firing. 

The standard test for determining the value of acid-proof 
bricks is to ascertain their crushing strength before and after they 
have been soaked in concentrated sulphuric acid maintained at 
a temperature of 90° P. for seven days. All the best bricks sold 
for chemical works at the present time are quite unafiected by 
this treatment. 



CHAPTER X. 

FIRE-BRICKS AND BLOCKS. 

Thk manufacture of fire-brickB and blocks has been carried on 
for many years in a somewhat rudimentary manner, and it is 
only recently that the more important firms attempted to improve 
their product and bring it up to date., 

In earlier times fire-bricks and blocks were only required to 
withstand relatively low temperatures, but, with the increasingly 
stringent requirements of modern metallurgists and other users 
of furnaces, it is necessary at the present time to make use of 
every available assistance which science can render to the fire¬ 
brick maker. 

Investigations have shown that various users require widely 
different characteristics in fire-bricks and blocks, and a material 
which suits one customer well may be entirely unsuitable for an¬ 
other, It is, therefore, necessary to know what characteristics 
are required before the value of a fire-clay can be stated. 

The materials from which fire-bricks and blocks are made are of 
four main classes: (1) fire-clay; (2) rocks consisting of almost pure 
silica; (3) rocks composed chiefly of silica but containing about 
10 per cent of clay and known as “ganister”. Artificial imita¬ 
tions of ganister are also used; (4) neutral and basic materials 
such as chromite and magnesia. 

The treatment of the materials depends on their nature, and 
the three chief processes used must therefore be described:— 
Fire-clay bricks are made from various seams of fire-clay found 
in several parts of the country, the most noted deposits being in 
West Scotland, Northumberland, Yorkshire, the Midlands (Bur¬ 
ton and Ashby-de-la-Zouch), Buckley, Stourbridge, Shropshire, 
Devonshire, and Wales. The materials from these various sources 
differ widely in composition and character. 

The West Scotland fire-clays (including those of Glenboig) are 
noted for their unusual heat-resisting power. They require to 
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be fired at a very high temperature, as otherwise they ore soft 
and weak. 

The Northumbrian fire-clays are chiefly found near the Tyne, 
and are richer in alumina than those of Scotland, tjnfortunately, 
this advantage is more than neutralized in several cases by the 
presence of an excessive proportion of fluxing material (alkalies 
and lime) which greatly reduces the heat-resisting power of the 
bricks. Several seams in Northumberland and Durham are, 
however, of excellent quality. 

The Yorkshire fire-clays are found chiefly near Leeds and 
Halifax, but the material crops up unexpectedly in several other 
parts of the county. In South Yorkshire it is associated with 
ganister (see later). The fire-clays in Yorkshire are peculiarly 
variable in composition, the alumina varying from 15 to 39 per 
cent. The clays richest,m alumina are found nearer the surface, 
buit are much more tender than the stronger ones found at greater 
depths. 

Taken as a \^hole, the Yorkshire fire-clays are amongst the 
most refractory, but they have not hitherto been worked so as 
to develop this property to the fullest extent, as they are almost, 
invariably under-fired and so shrink in use at abnormally high 
temperatures. 

The Midland fire-clays are more readily vitrified than most 
others of equal quality, and are therefore in great demand for the 
manufacture of close-grained bricks and sanitary pipes. They 
are not usually so resistant to heat as some others, but where 
other factors (such as the cutting or corrosive action of dust and 
fire-gases) have to be considered, they are very valuable, and 
under some conditions prove more durable than more infusilde 
bricks from other districts. 

The Stourbridge fire-clays have a world-wide reputation for 
refractoriness. The composition is remarkably constant, thougli 
unexpected variations occur at times. The average proportion 
of alumina is about 22 per cent—thus corresponding to the 
Scotch and some Leeds clays—but portions of clay with over 36 
per cent of alumina have been found. 

The Devonshire fire-clays, like those of the Ashby district, are 
relatively easily vitrified, but considerable variations in quality 
exist. The most noted fire-clays in this county are found in the 
Teign valley, and often contain considerable proportions of under¬ 
composed granite; They are, therefore, used for the manufacture 
of vitrified bricks where the greatest resistance to heat is not re- 
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■quired, but where a brick which will stand what is ordinarily con¬ 
sidered to be a high temperature is required. 

The Welsh fijre-claysin some ways resemblethose of Stourbridge 
but are seldom so pure, and must, therefore, be worked with 
caution. The best deposits in this district are of first-class 
quality for refractory work. 

The fire-clays are chiefly found associated with the Coal 
measures and millstone ,grit, and must therefore be obtained by 
mining. Some briekmakers are working in the “ rubbish heaps " 
of collieries, but the best fire-clays are obtained direct from mines. 

The seams vary in thickness, just as do those of coal, but are 
less uniform than the latter, and it has generally been considered 
that the only seams which can be worked at a profit are thick 
ones near the surface or those mined along .with coal. Curiously 
enough the best fire-clay is often raise;! 4'om pits containing but 
little or no coal. 

The fire-clay should be selected or “ picked ” before use, so 
that nodules of pyrites and other unsuitable material may be 
removed. It should also be allowed to “ weather ” as the sub¬ 
sequent crushing is made easier thereby, many shales and fire¬ 
clays being exceedingly hard when first mined, but becoming soft 
on exposure. The picked and weathered material is then crushed 
in an edge-runner mill with either stationary (p. 95) or re¬ 
volving (p. 183) pans. 

For very hard fire-clay shale the stationary pan-mill is the 
more powerful, but if a preliminary crusher or stone-breaker is 
used a revolving pan will often give a larger output. 

The material is usually passed through a screen having 
twelve or thirteen holes per running inch, but this somewhat 
crude method of working is now being replaced in the most pro¬ 
gressive works by a double sieve. 

Either before or after grinding, the fire-clay is usually mixed 
with burnt material of a similar nature (termed “ grog ” or “ burnt 
stuff”) in order that a skeleton may be formed which shall hold 
the brick together during the drying and firing. The use of this 
grog is often greatly misunderstood, and in some works it is 
omitted entirely. 

The mixed clay and grog arc next passed into a pug-mill,, 
usually of the vertical type (fig. 2'0) where it is mixed with water 
and converted into a paste. This paste is sometimes stored away 
in a heap to “ sour,” but many workers do not appreciate the 
value of this treatment and so omit it. 
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The bricks,or blocks are moulded by hand by the slop-mould- 
process (p. 61), sl^ht variations occurring in different shops. 
They are dried on floors heated by steam (p. 168), or flue-gases 
(p. 169), and are fired in Newcastle or Scotch kilns (p. 266). 

The maximum temperature reached in the kilns varies greatly 
in different yards. In some it is as low as cone 2 (1170°C.) and 
in others as high as cone 19 (1510° C.) The higher temperatures 
used are largely the result of modern investigations and research 
and are not used in the smaller works. About a week is usually 
occupied in the kiln, but where exceptionally large blocks are 
made a much longer time (extending in some cases to two months) 
is considered necessary, as such blocks are extremely sensitive 
to sudden changes in temperature before they are fired. It will 
thus be understood that, formerly, the mamifacturer of fire-bricks 
had chiefly to see that his material was right and that the men 
worked well. A few degrees more or less in the kiln made but 
little difference, and so long as his goods were salealde, little 
else mattered. 

Within the last five or six years, however, a great change has 
come over the fire-clay industry. This is due to a variety of 
causes, the chief of which is the demand for better bricks and 
blocks from various users. This demand is increashig as progress 
with high temperature work continues, and the fire-clay worker 
of the future must use his host endeavours to meet the demand. 
Fortunately, the cost of building and re-building is so high, com¬ 
pared with the cost of fire-bricks, that a good price can be obtained 
for a really satisfactory article. 

In order to do this it is necessary to know the general direction 
in which this demand tends to run, and for this purpose the chief 
characteristics needed in a fire-brick or block must be studied. 
It is not possible to obtain all these in a single brick, as they are, 
to some extent, mutually incompatible, but the worker will know 
which to select from the whole. The chief characteristics re¬ 
quired are:— 

1. Resistance to high temperature. 

2. Resistance to pressure at high temperatures, 

3. Non-absorptive power at any temperature. 

4. Uniformity in size, shape, and composition. 

5. Expansion or contraction in use. 

6. Resistance to alwasiou by dust, flames, metal, slag, and 
other materials. 
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7. Resistance to redaction or oxidization. 

8. Resistance to wear and tear, and accidental blows. 

9. Resistance to sudden changes in temperature. 

As already mentioned, it is seldom that all these character¬ 
istics can be obtained' simultaneously, and a selection must be 
made for each case. 

Resistance to heat is a property possessed by the material 
itself and is largely dependent upon the purity of the material and 
iipon the proportion of alumina it contains. At the same time, 
the results of analysis cannot be reliably used to predict the 
fusing point of a high-cdass refractory clay, though in connexion 
with a Ludwig chart analytical resuKs are often valuable in this 
•connexion. 

It is a curious fact that whilst mixtures of pure alumina and 
silica usually melt in proportion to t'j«» silica present, a critical 
composition is rouclied when such a mixture contains more than 
85 per (rent silica, and from this point until pure silica is reached 
the mixture becomes increasingly refractory, though pure silica 
is more fusible than pure alumina. 

Very small (piantities of lime, alkalies, titanium and other 
■oxides greatly increase the fusibility of a fire-clay so that what, 
in other clays, would l»e considered trifling impurities, are of great 
importance in fire-brick manufacture. 

Resistance to pressure, abrasion, reduction, and wear and tear 
is obtained by heating to such a temperature that partial vitrifl- 
•cation occurs. This is difficult with really high-grade clays on 
.account of the very high temperature re(iuired, so that an un¬ 
usually strong brick is commonly of second quality as regards fusi¬ 
bility. In many cases, however, a strong brick of slightly inferior 
■clay may prove more serviceable than one made from a purer clay 
(which is weaker. 

On the other hand, some bricks which are strong when cool, 
■or only moderately heated because of the binding power of the 
N'itrified material they contain, are often very soft and weak at 
high temperatures when the vitrified matter becomes viscous. 
When this is the case, such bricks are of little value and should 
be replaced by those of purer clay burned at a correspondingly 
higher temperature. 

Expansion and contraction in use are reduced to a minimum 
Iby firing the bricks at a sufficiently high temperature during the 
jnanufacture, though few British firms do this. 
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Excessive expansion in use may be due to too much free 
Silica in the bricks, a fault which is also responsible for “ spalling ’! 
or splitting under sudden changes of temperature. , ■ 

Stated briefly, the most severe requirements for fire-bricks will 
be met by using as pure a iire-clay as possible containing a high 
percentage of alumina,* providing the sizes of the various particles 
of raw clay and grog are properly proportioned, and the whole 
brick is fired at a suflSciently high temperature. Unfortunately, 
these conditions are far more difficult to attain than appears at 
first sight. They involve the careful selection and purification of 
the materials, the correct treatment in the mills, screens, and 
mixers, and the use in the kilns of a temperature which is far 
beyond that ordinarily employed for fire-bricks in this country, 
as, to the best of the author’s knowledge, only three firms in Great 
Britain were firing theiu fire-clay bricks sufficiently ih 1910. 

The selection of the materials for a first-class fire-brick is a 
matter needing great skill and care. Analysis is useful in order 
to check the use of clay containing an excess of impurity, but 
quite apart from this much may be done in routine work by 
careful observation of the appearance, colour, and texture of 
the materials. Some attempt is made by most fire-brick makers 
to avoid the use of “post ” and other rocky material, but much 
more careful picking is desiraide when I n icks of the. highest 
quality are being made. 

In selecting clays it is necessary to bear in mind the cliai - 
acteristics required in the bricks and to choose accordingly. This 
will often result in a number of di fferent clays bei ng mixed instead 
of a single one being used, as is often the case at present. It is 
unreasonable to expect that a single clay—with obvious limited 
properties—can be successfully made into crucibles and furnace- 
bricks with equal success. 

I Whatever may have been done m the past the requirements 
of the present and future are and will be increasingly strmgent, 
and fire-brick makers will find it more and more necessary to mix 
several clays in order to produce what they require. In some 

use of free alumina ur bauxite to increase the percentage of alumina in a 
cla; is not desirable. A mixture of alumina or silica in the proportions in which 
these materials occur in a pure clay does not behave in the same manner when fired 
as clay would do. 

Hence the use of bauxite and other free alumina as grog, whilst useful in some 
cases, does not produce a fire-brick of the very highest class. 



I'lRB-BBIOKS AND BLOCKS 379 

cases, by supplying a limited market, less complex mixtures of 
materials may be used. 

Hitherto, the usual practice has consisted in crushing the clay 
or clays until they are sufficiently fine to pass through a coarse 
sieve, but careful investigation has shown that this is not the best, 
way to work. Particles of true clay are so exceedmgly minute that 
they are too sm^l to be produced by any machinery. Yet it is to 
these extremely minute particles that clay owes its plasticity and 
value, and any method of working that does not make use of this 
fact cannot be considered as satisfactory. To use clay in a coarse 
state (as is commonly done) is to waste the material and to pro¬ 
duce an inferior article. 

The broad principle upon which to work in producing refrac¬ 
tory goods, such as fire-bricks, is to form a “ skeleton ” of as great 
a heat-resisting nature as possible and to i)ind this, together with 
other materials alsoi of a refractory nature, into a mass possess¬ 
ing the necessary strength, resistance to abrasion, temperature 
changes, etc. Sufficient room must l)e left between the particles 
to permit them to move freely over each other within certain 
limits, so that the brick will not be shattered or cracked when 
exposed to sudden changes of temperature. As.it is impossible 
to allow perfect freedom of movement of the particles, some 
softer material must be interposed (in the form of clay) so that 
it may yield slightly but not excessively under pressure. The 
main portion of the brick must, therefore, be of as porous and 
open a nature as possible, any undesirable pores being filled later 
with a binding material. - 

The nature of' these skeleton-forming and binding materials 
has been studied but slightly, and further investigation is desir¬ 
able. The following statements may, however, be accepted as 
substantially correct:— 

The “ skeleton ” or main portion of the brick must be com¬ 
posed of a clay whose chief characteristic is its infusibility. 
Such clays when made into the form of a Seger cone should not 
bend when heated to any temperature below that corresponding 
to Seger cone 35 for the highest grade of fire-bricks, cone 30 for 
“ first-class ” fire-bricks, and cone 26 for second quality or “ordin¬ 
ary ” fire-bricks. Although no official British standard exists by 
which the value of fire-clays may be tested, the figures just men¬ 
tioned are accepted by the chief exports on the subject in this 
country and by the chief fire-brick makers in Germany. 

Provided a clay is sufficiently refractory, its lack of plasticity. 
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weakness, and durability are relatively unimportant so far as its 
use as a “ skeleton ” is concerned. These properties must be con¬ 
ferred by the use of other clays (binding clays). 

As the particles of the material forming the “ skeleton ” are 
to be bound together by another material—the binding clay— 
there is no need to use a plastic clay for this skeleton. It is, in¬ 
deed, a disadvantage to do so, as jdastic clays usually shrink 
considerably in firing—a most undesirable characteristic in this 
case. 

It is, therefore, best to use for the skeleton a clay which is 
extremely pure and, at the same time, is in relatively coarse 
particles and of minimum plasticity. Such a material is fur¬ 
nished under the name of “ grog,” “ ))urnt stutf,” or “ chamraotto,” 
which is obtained by burning a fire-clay of the highest grade ob¬ 
tainable, at a bright ,red heat, and crushing the jiroduct, as 
will be described later, ft has been customary for the terms 
just mentioned to be applied to damaged fire-clay goods, fire¬ 
bricks, etc., which are added to raw fire-clay for various purposes 
in a more or less hai>hai!ard manner. These sources of an in¬ 
ferior “grog” are sufficiently good for ordinary fire-brick manu¬ 
facture, but they should not be used by the maker of the highest 
class of bricks. Glazed materials and slag and potsherds must 
1)6 avoided at all costs. 

B. P. Page has shown that if the grog is not more refractor}' 
than the clay used to bind its particles together, the brick may 
crack on account of the strains set up and the amount of vitri¬ 
fication which occurs. The cracking may not occur immediately, 
but will do so on repeated heating. 

Grog should be made of the purest fire-clay procurable which 
should be fired in such a manner as to avoid “ flashing ” or over¬ 
heating. The temperature reached in its manufacture should 
not exceed 1450° 0. (cone 15), but should seldom be less than 
1180 (cone 5a). The product should be a creamy mass free from 
whitish portions and from discolorations. It should be mod¬ 
erately hard, but not excessively so, and should be so refractory 
as not to bend below a temperature corresponding to Seger cone 
dO when made into the same shape as a Seger cone. Grog can 
usually be manufactured by the fire-brick maker, and the neces¬ 
sary precautions as to purity, etc., can be readily observed; if 
purchased, the grog should be subjected to a series of rigorous 
tests before acceptance. 

Attempts are sometimes made to use a grog of a, different 
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composition to that just mentioned, by substituting silica-rock 
or bauxite for burned fire-clay. Such materials are useful in the 
case of ordinary fire-bricks, but should not be used where bricks 
of the very highest quality are required. Silica is not so refrac¬ 
tory as the best fire-clays, and its admixture may easily cause a 
reduction in the fusing point. The use of bauxite or other forms 
of free alumina, on the other hand, whilst useful as giving a 
“ skeleton ” of great hep^t-resisting power, requires special care 
and skill in use, and is apt to be a continual source of trouble. 
Most specimens of bauxite are so impure as to seriously reduce 
the value of clays with which they are mixed. The addition of 
alumina or silica to a clay should, therefore, only be made under 
the advice of a really reliable expert who appreciates the diffi¬ 
culties which may arise, and who can stinjy the problem in all 
its bearings. As commonly used, materials may do more 

harm than good. (See footnote on ij. 378.) 

The size of the grog particles to l)e used in fire-brick manu¬ 
facture is important, and it is not sufficient to use all that will 
pass through a sieve of definite mesh. Very fine grog is useless 
and should bo avoided, as by the nature of the case, the spaces 
between the coarser particles should be filled by a binding 
material which should consist chiefly of a plastic clay. 

It is therefore necessary, in making the highest grades of 
fire-bricks, to crash the grog and sift it with two screens, reject¬ 
ing all that passes through the finer mesh, returning the residue 
on the coarser screen to the null for further crashing and only 
using the intermediate portion. The finest “ grog ” may be con¬ 
veniently used in place of sand for “ dusting ” purposes. 

The mesh of the grog-screens must depend largely on the 
fineness and plasticity of the “ binding clay ” used. A usehil 
sized grog for preliminary work is obtained by passing the 
material through a wire screen having eight holes per linear inch, 
and then on to a similar screen with twenty holes per linear 
inch, rejecting all that passes through this latter screen. Later 
tests may show that the grog thus obtained contains particles 
which vary too greatly in size, but this can be easily remedied 
by the use of finer or coarser 'screens. In some cases, particu¬ 
larly in South Yorkshire, it is desirable to use three screens and 
to employ two sizes of grog; but this is a refinement not usually 
necessary in fire-brick manufacture. 

In Germany, many of the best fire-brick makers use two sizes 
of grog: (a) particles between ^ and J in. diameter, and (b) 
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particles between ^ and in. diameter, the relative proportions 
of each of these materials depending upon the characteristics 
the fire-bricks should possess. 

The binding material used to give strength and resistance to 
the “ skeleton ’’ must be sufficiently fine to enter between the 
other particles; it must be sufficiently plastic to hold the whole 
mass together before firing, and sufficiently vitrifiable to bind the 
whole brick into a strong mass with the requisite qualities, whilst 
not being so fusible as to seriously interfere with the heat-re¬ 
sisting power of the brick as a whole. The binding material must 
not shrink so much in the kiln as to cause deformation or warping 
of the brick. 

Taking all these qualifications into consideration, it is evident 
that the most suitable binding material will be a refractory clay 
of moderate but not excessive plasticity. It must not be quite 
so refractory as the grog, but must still be sufficiently free from 
fluxing materials to enable the brick to withstand great pressures 
at a red heat. ' 

A single clay is seldom found which will meet all the re¬ 
quirements of a binding clay, and two or even three clays may be 
necessary for the highest class of fire-brick. For what are at 
present generally considered as “ liest ” fire-bricks (but which are 
far inferior to what can be produced) a single binding clay can 
usually be employed. 

When two or more clays are used as binders the leaner ones 
should he ground so as to pass through a No. 20 sieve but not 
through a No. 100, the fatter clays being ground as finely as 
possible. 

If several clays are used the jiroportioii of eacli must be 
settled by actual teats. 

There are, vuifortunately, great difficulties connected witli 
such tests, and the fire-brick maker who has discovered a really 
successful blend of clays has gained a great advantage over his 
competitors. 

The clays used for binding must be carefully selected, any 
unsuitable material being picked out, and the-whole mass exposed 
to the weather so as to reduce the labour and cost of crushing. 

The fineness to which the binding clay should be crushed de¬ 
pends greatly on its nature. Highly .compressed shales need 
reducing to a fine powder, but some of the less dense clays are so 
readily disintegrated by water that a comparatively rough crush¬ 
ing is sufficient, the final reduction taking place automatically 
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during the “ souring ” process. It is seldom, however, that clay 
particles larger than ^ in. diameter should be used in fire-brick 
manufacture, as the coarse part.icle8 required are best supplied 
in the form of grog which cannot become broken up by later 
treatment, as frequently occurs with coarpe particles of clay. 

A single screen may be used for the biijding clay, as the finer 
the particles of this material the stronger will be the brick, and 
in any case clay particles are naturally far smaller than can be 
obtained by any mechsinical process of grinding. 

The grinding of both clay and grog is best accomplished in 
edge-runner mills (p. 375) of either the stationary or revolving 
pan type, the latter being preferable for the clay as it effects a 
better mixing of the material. 

A preliminary crushing between smail rolls (p. 86) or in a 
stone-breaker often effects a saving in ./)Ower and in the wear and 
tear of the larger mills, and increases tht) output by making the 
supply of material more regular. Sldge-runner mills should 
never be supplied with pieces more than 4 in. diameter if they are 
to work economically, and the present custom of many fire-brick 
makers of feeding pieces of all sizes into the mills is against their 
best interests. 

The preliminary crusher should he arranged to deliver the 
material on to a fioor from which it can be readily shovelled into 
the edge-runner mill. If a n automatic feeding device is employed 
for feeding the latttr the preliminary crusher may deliver direct 
into this machine. (See pp. 181 and 183.) 

It is often more economical and facilitates the output if two 
edge-runner mills are used, both delivering into the same pit. 
The first receives the material to be crushed and the second the 
■“ tailings ” from the screen. In this way the harder portions are 
kitpt separate, as far as crushing is concerned, and by using miUs 
Af the proper sizes the output is greater than if a single (larger) 
(mill is used. It is important that both mills should deliver 
to the same elevator so that the material may be kept mixed. 

Where several clays are used, each should be ground in a 
separate mill, as this is far more satisfactory than (a) mixing the 
coarse materials and grinding the mixture, or (h) cleaning out the 
mill each time a change of material is made. Grog should never 
he ground in the same mill as the clay unless second-quality fire¬ 
bricks are desired. ' . ■ 

The runners should he provided with renewable rims or tires, 
and should be sufficiently heavy to do their work well. 



384 


MODBEN BEICKMAKINO 


The grates in edge-runner mills for fire-bricks should have 
holes or slots not more than J in. in width, and for most purjwses 
^ in. holes are best. The day when lumps of material ^ in. or 
more in diameter were permissible in fire-bricks of good quality 
is rapidly passing away, and pieces \ in. wide are the largest 
which are now considered satisfactory, and for first-class work only 
very few of these are allowed. 

Each mill should be “run off” every noon and evening, and 
any material on the pans should be collected and thrown aside. 
It will usually be rich in nodules of pyrites and other undesirable 
impurities in the clay, but should be tested carefully from time 
to time. 

The nature of the screen used is important; piano riddles have 
not proved successful in grinding fire-clays and grog in many cast's, 
because the material is so hard and sharp that it wedges between 
the wires and so delivers too coarse a product. 

The well-known wire-gauze screen may lie employed, or :t 
sloping plate of 'perforated steel (see “Newaygo” screen, p. 194) 
may be used. The size of the holes in the latter corresponding 
to the former must be found by experiment, as they differ witti 
different materials. As a rule a dry fire-clay will behave to such a 
screen having J in. holes as it will to a gauze-screen with a in. 
mesh, but the perforated metal gives a much larger output. 
(See p. 192). 

The crushed materials should be stored in a dry jdace in liiiis 
where they can be kept apart from each other, yet can be readily 
measured and mixed before being treated with water. 

The best method of proportioning and mixing is to employ 
large boxes on wheels, the size of each box being proportionate 
to the amount of material to be mixed. Thus if thrice as much 
clay as grog is used, the box for the clay will have three times 
the capacity of that used for the grog. Each box is filled up and 
any excess of material removed by drawing a flat piece of wood, 
or strike, across the top. It is better to use boxes of the sizes 
suggested than to have all the same size and use (say) three box¬ 
fuls of clay to one boxful of grog, as errors in counting arc 
frequent with the latter method. The boxes may be mounted on 
cars and should run on a light track. Their contents should be 
tipped on to a mixing-plate, fixed at a lower level than the bins, 
a yough mixture made by means of a shovel, and the material 
then shovelled into the mixing mill, or a mechanical feeder 
(p. 182) may be employed, and the labour of one man as mixer 
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1>e saved. On no account should the material be fed into the mill 
without a preliminary mixing having been effected, except in 
those cases where an intermittent solid bottom pan-mill is us^d. 

The mixing of the materials with each other and with watei' 
is effected either in (a) a pan-mill (p. 95) or edge-runner mill with 
solid revolving pan into which a charge of material is placed, 
together with sufficient water, and the two “ground ” for about 
twenty minutes and then taken out, or (6) in a pug-mill. The 
pug-mUl is usually of Ihe vertical type (p. 49), but horizontal 
mixers and pug-nulls are equally effective, though they occupy 
more floor space (pp. 103-109). 

Whichever form of mixing idant is used the water should be 
added gradually and in a series of fine jets or as a spray. It 
should not be added in a single stream as is so often the case. 
A couple of level pipes each perforate:! with in. holes about 
1 in. apart forms a good water-distribucor, particularly if each 
pipe delivers on to the edge-runners instead of directly into the 
pan. 

The paste produced should be sot aside in heaps about 4 ft. 
high in order that it may “ sour At one time it was thought 
that some kind of fermentation or bacteriological action took 
])lace and improved the quality of the material, but it is now 
generally recognized that the effect of any fermentation in this 
direction is very small, and that what really occurs is a more even 
distribution of the water throughout the mass by moans of 
capillary attraction and other purely physical forces, this re-dis¬ 
tribution being accompanied by a development of the plasticity 
of the material. Hence, no matter how thorough may be the 
mixing, this “ souring ” should never be omitted in the manufac¬ 
ture of the highest grades of fire-bricks. 

With some materials the development of the plasticity of the 
clay is raxiid; these may be.used after once passing through the 
pug-mill or pan, but others must usually be mixed again after 
“ souring,” a second jiug or i)an-mill being used. Some fire-brick 
makers dread “ overworking ” their clay; this can only occur 
when the clay is used Avliere grog ought to be employed, and by 
replacing part of the' clay by a suitable grog s.atisfactory results 
will be obtained. 

The bricks are made from the paste by hand-moulding, using 
brass or brass-lined moulds for ordinary shapes and zinc-lined 
ones for shfipes which are seldom required. The process is very 
similar to the slop-method used for building-bricks (p. 60), 

25 
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though, like the latter, it varies slightly in different works. The. 
bricks are carried off between two pallet-boards by a boy or girl 
and are set down on a heated floor (p. 157). 

Many attempts have been made to use machinery instead of 
hand-labour, and some amount of success has been attained by 
the employment of machines imitating hand-moulding (p., 68) 
and by use of the wire-cutting process (p. 76). The stiff-plastic 
and semi-plastic methods have not, hitherto, proved successful, 
and hand-made bricks are still considered to be the best. The 
great reason for this is the tendency for machines to compress the 
clay too much. If the paste remains sufficiently soft (as soft as 
in hand-moulding) it is difiScult to keep it of the proper shape 
during wire-cutting, and the use of a stiffer paste produces a less 
satisfactory brick. The temptation to secure greater accuracy of 
shape in the brick by mechanical pressure should, on this 
account, be avoide4, and represses should never be employed for 
bricks to withstand high temperatures in actual use. For the 
same reason, machine-pressed bricks which are not sufiSciently 
perfect to be used for glazing are of small value for the highest 
temperature work; the pressure to which they have been subjected 
to give them greater accuracy of form so necessary in glazed bricks 
has reduced their value for furnace-construction. The desira¬ 
bility of accuracy in shape for all fire-bricks must not be over¬ 
looked, but it must not be produced by the use of greater pressure 
than is used in a hand-moulded brick. Even if the method dry- 
pressing (p. 241) were to become more popular for the manufacture 
of fire-bricks, the great wear and tear of the dies, due to the large 
amount of grog necessarily present, would probably rob the process 
of any saving in manufacture. Yet this is undoubtedly the 
direction in which to look for cheapened output with superior 
quality. 

Blocks and large pieces of fire-clay are moulded by the same 
(slop) process, wooden moulds being employed. A portion of the 
drying floor is cleaned, dusted with clay dust, sand, or fine grog 
to prevent undue adhesion of the clay, and the wet mould is 
placed on the floor so prepared. The maker next throws large 
masses of paste with great force into the mould, and by vigorous 
“pommelling” with his fist and kneading with his fingers com¬ 
presses the clay as equally as possible. The mould having been 
filled, any excess of clay is removed with a strike or wire, and 
the mould is removed either immediately or after a short time. 
Some blocks are made in plaster moulds. 
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The drying of fire-bricks offers no special difficulty, provid¬ 
ing it is effected carefully, but larger blocks or slabs need muoh 
attention or they will crack. 

Fire-bricks, slabs, and blocks are usually dried on fire- or 
steam-heated floors (p. 167), and these are usually satisfactory 
but slow, particularly with the larger pieces. It is, in fact, ndt 
unusual for a large 'block or slab to remain on a floor for three 
weeks without any heat being applied to it. Such a method of 
drying is highly unsatisfactory, and most block manufacturers 
would find a study of the principles of clay drying well worth 
while. 

One of the secrets of rapid and successful drying consists in 
not allowing the outside of the brick or bljck to dry more rapidly 
than the inside. This accurate regu.)ntion of the speeds at which 
the various portions of a block dry (San-only be accomplished by 
proportioning the amount of air in contact with the article, and 
by ensuring that this air eoiitams just the correct amount of 
moisture. In using a steam-heated floor, such as is ordinarily 
employed, such accurate regulation is impossible; it can only 
be obtained in tunnels to which air is admitted by means of 
special valves and moved by means of a fan. 

By the careful use of small chambers in which moist air is 
used at various temperatures, the earlier stages of the drying 
may be considerably shortened without increasing, the risks of 
cracking, but the subject is not sufficiently closely related to 
brickmaking to be described in further detail in the present 
book, but see pp. 161-176 and 218-217. 

Dipped fire-bricks are used for special purposes, where they are 
required to possess characteristics incompatible in the brick as a 
whole, such as maximum heat-resistance combined with entire 
absence of absorption. They are really a species of glazed brick, 
but instead of a true glaze are, in part, coated with a non-porous 
material. This coating is applied in a manner similar to that 
used in glazing. 

Fire-bricks are set in the kiln in a manner similar to that used 
for ordinary bricks, but they should not be placed so close to¬ 
gether. Larger blocks must be set near the centre of the kiln, 
and according to their shape, so as to reduce the risk of twisting 
as much as possible. A chequer-work arrangement, as in fig. 
104, is very popular, the bricks being set on their sides and not 
flat as shown. 

A^little grog dust sprinkled between the bricks and blocks 
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enables them to be separated from each other more readily when 
the kiln is drawn. 

When large blocks have been placed in a kiln special care is 
needed to keep away draughts and sharp currents of air. A door 
should, therefore, be provided for the kiln and used. 

The firing of the bricks is usually carried out in kilns of 
the Newcastle (p. 265) or round down-draught (p. 248) type, 
but continuous kilns (p. 263) may be equally well employed 
if a suitable design is chosen. The Dunnachie kiln (p. 304) 
has been successfully used for many years for the purpose. 
The heat required is more and the temperature of finishing is 
much higher than with ordinary bricks, but in other respects the 
same methods are used. 

The ordinary fire-brick of commerce is seriously under-fired, 
being seldom lieated to more than i 250° 0. The result is that it 
shrinks and becomes loose in use and wears away rapidly, as the 
wide joints so produced cause an unduly large surface to be ex¬ 
posed. 

Zoellner has shown tliat all clays when heated to tempera¬ 
tures above 1300° C. (cone 10) dissociate and become crystalline, 
with the formation of silimanite (Al/ljSiOj) and a glassy mass 
richer in silica than true ciay. This latter material may be 
removed by hydrofluoric acid, in which it is soluble. Zoellner 
states that this “shows the necessity of beating fire-bricks and 
other refractory goods to a much higher temperature than is 
customary, as the crystals of silimanite form a felted mass which 
is harder, more acid proof, and more resistant to sudden changes 
in temperature than is clay which has not been partially dis¬ 
sociated by firing at a high temperature ”. Most manufacturers 
try to avoid crystallisation! 

For the best grades of fire-brick the finishing temperature 
should certainly not be less than is suflicient to bend cone 18 
(1500° C.), and for somewhat less important bricks a kiln tem¬ 
perature corresponding to at least cone 12 (1350° C.) should be 
reached. For export, where the requirements are not so strin¬ 
gent, cone 5 may be regarded as indicating the maximum tem¬ 
perature necessary, though harder-fired bricks will suffer less 
damage in transport, and will be superior in quality. 

Fire-bricks are usually more porous than ordinary ones before 
firing, and the earlier stages of burning may often be passed more 
rapidly. With large blocks the matter is very different, and the 
earlier stages are sometimes prolonged to several weeks. 
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The final heating should be very steady but moderately rapid, 
and the cooling—^whilst rapid at first to carry the goods past the 
“danger zone” (1100-1200'’ C.) where, under slow cooling, ex¬ 
cessive crystallization may set in—should be steady and some¬ 
what slow in its later stages. 

Many fire-brick manufacturers allow the bricks to cool “ any¬ 
how,” with the result that on passing near the kilns during the 
evening when all aroujid is quiet, a sound as of repeated pistol 
shots is heard. These are signs of the production of minute 
cracks—often too small to bo seen—but readily proved to be 
present by the reduced strength of the bricks as compared with 
those properly cooled. 

If single kilns are used, the desirability of introducing hot 
air during the cooling should be conpidered ; in continuous kilns 
the cooling is under much greater Oumyol. 

Fire-bricks are paricularly sensitive to rain and frost, and 
must be stored carefully in a dry place, or their strength (as 
shown by crushing tests) may be reduced to four-fifths its original 
amount. 

In short, the manufacture of the highest grades of fire-bricks 
is a matter requiring far more study and attention than it gener¬ 
ally receives in this country, as modern users of these bricks are 
working at temperatures undreamed of fifty years ago, and with 
the tendency to more stringent requirements the difficulty of 
manufacture will increase. 

For the highest grades, price is of small consideration, and the 
manufacturer who wishes to progress will reap the reward of his 
experiments in due course. The ultra-conservative manufac¬ 
turer, on the other hand, may have an uncomfortable time if 
the proposed “Standardization of Firebricks” comes into force. 

Inferior fire-bricks are used for a variety of furnaces, boiler 
work, etc., where their heat-resisting power is of secondary im¬ 
portance. The manufacture of such bricks is much easier and 
cheaper than that of fire-bricks of the highest grade, and the 
material may often be taken direct from the mine, crushed 
until it has all passed through a screen with J-in. holes, and mixed 
with water and made up into bricks. 

If the clay is very fine, “grog” may be used, but it is not 
necessary to use high-grade fire-clay for this purpose. Old fird- 
hrioks, silica rocks, or pure sand may be used with complete, 
satisfaction, provided that the particles are of approximately the 
correct sizes. Such bricks cannot, of course, be used in the most 
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trying conditions," but they serve a useful purpose in many in¬ 
dustries. 

In this class of fire-brick the grog is chiefly usefi to open up ” 
the material, so that the bricks may be dried more rapidly and 
with less risk of cracking in the kiln. 

It is not used at all for increasing the refractoriness of the 
material. The addition of such non-plastic material has a 
noticeable influence on the bricks, as is shown by tests made by 
F. Kase, who has published the following facts in regard to the 
use of fine sand as grog:— 

The finer the grains of sand added to the clay, the total per¬ 
centage of sand added being kept constant— 

1. The more water will be necessary for mixing. 

2. The longer the mixture will take to dry, and the greater 
the danger of cracking. ^ 

3. The contraction on drying and in the kiln will be greater. 

4. The porosity of the fired ware will be less. 

5. The » speed of absorption ” will be less. 

6. The crushing strength will be greater. 

7. The material will stand sudden changes of temperature 
less easily. 

8. The silica in the clay will combine more readily. 

The characteristics of the clay will be altered with varying 
proportions of sand-grains, adl of the same sizes, as follows: The 
larger the proportion of sand added to the clay— 

1. The less the water required in tempering. 

2. The more rapid the drying. 

3. The less the contraction both in drying and in the kiln 

4. The less the porosity in under-burnt ware, and the greater 
he porosity by fully fired ware. 

5. The greater the “ speed of absorption ”. 

6. The less the crushing strength. 

7. The greater the refractoriness. 

8. The lighter the colour (with a red-burning clay). 

9. The better the ware will withstand rapid changes in tem- 
•erature. 

Silica bricks are often regarded as “fire-bricks,” though 
iBually the latter term is confined to bricks made of fire-clay, 
lilica-bricks are not as refractory as bricks'made of the best fire- 
lay, but they are often superior to those made of lower-grade 
lays or of good clays badly treated in manufacture 

The maximum temperature which silica-bricks made of the 
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purest materials can stand is comparable to cone 34, but most 
commerical' specimens cannot resist more than corresponds to 
cone 30. Fire-clays which fuse at a temperature cbrresponding 
to cone 38 are commercially obtainable. 

Some bricks branded “Dinas” are occasionally offered for 
sale which are not true Dinas bricks, being made of a material 
rich in fire-clay, whereas true Dinae bricks are quite destitute of 
clay. In Germany and Russia the term “ Dinas ” is applied to all 
fire-bricks very rich in silica. 

The fusibility of silica is greatly reduced by comparatively 
small proportions of iron oxide, lime, magnesia, and alkalies, and 
only those materials which contain upwards of 98 per cent of 
silica should be used. 

The chief disadvantages of silica-bricks are their brittleness, 
and liability to “ spaU ’’when exposed to sadden changes of temper¬ 
ature. These defects appear to be a characteristic of the 
material used, and not to be due to defects in manufacture, 
though badly fired silica-bricks spall more than others. 

Silica-bricks expand when they are heated, and this increase 
in size continues through several heatings, though the first heating 
has usually the greatest effect. The total increase is sometimes 
very large, but is not usually more than 8 per cent. Allowance 
must be made for it in laying the bricks, and to reduce this, some 
users insist on being supplied with twice-burned bricks. 

The materials used in the manufacture of silica-bricks are 
sand and silica-rock, a special variety of the latter found in the 
vale of Neath and known as Dinas rock being highly valued, 
but other sandstones, when suflBciently pure, are also used. 

The rock is crushed between rolls (p. 86) and is afterwards 
ground in an edge-runner mill (p. 95) with a solid pan, lime and 
water being added. The lime is used as a flux or binding ma¬ 
terial, and about one-fiftieth of the weight of the rock is added. 

Hence, good silica-bricks contain 97 per cent of sUica, 1-^ to 2 
per cent of lime, and l-J to 2 per cent of impurities. On heating, 
the lime combines with the silica, forming a viscous mass, which 
on cooling binds the particles of the brick together. It is, there¬ 
fore, necessary that the lime should be equally distributed 
throughout the mass, and for this purpose an edge-runner mill 
with solid revolving pan is the most suitable appliance. 

The lime is best added in the form of “milk” made by 
stirring up the lime with water, allowing the coarser particles to 
settle, and running off the milky liquid through a No. 60 screen 
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into another tank. The material in the second tank is tested to 
ascertain the proportion of lime it contains, is stirred up, and a 
suitable proportion run off into the mixing-pan. Lime-milk varies 
so in composition that it is essential to test it if the best results 
are to be obtained. 

The testing is not difficult if carried out in the following 
manner; 50 cc. of the milk of lime is measured off by means 
of a pipette into a basin or tumbler, a few 4rops of phenolphthalein 
solution added, and the mixture stirred vigorously with a glass rod 
until it is strongly coloured throughout. 

“ Normal sulphuric acid ” (obtainal)lo from most chemists, but 
not to l)e confused with concentrated or dilute sulphuric acid) is 
then added from a burette, drop l)y drop, with constant stirring, 
until the colour of the lime liquid is just discharged. Each 1 cc. of 
the acid corresponds to qne eleventh of an ounce (-091 oz.) of lime 
in each gallon of milk. 

Instead of lipie, some makers use plaster of Paris, but this is 
better avoided as the presence of sulphates is sometimes injurious 
to the brick. 

Silica-bricks .are usually moulded by hand and are dried on 
steam-lieated floors, and fired in round, down-draught kilns 
{p. 248) or Newcastle kilns (p. 255). No particular precautions 
are necessary, as the material being non-plastic can be rapidly 
fired without much risk of damage. 

The finishing temperature of these bricks varies in difierent 
districts, but does not usually exceed 1200° C.; much better 
bricks (with far less tendency to spall and crack) are produced 
when the finishing temperature is raised to.cone 17 (1470° C.). 

The cooling of kilns containing silica-bricks recpiires unusual 
care, as they are very sensitive to sudden changes in tempera¬ 
ture. 

A much better quality of silica-brick than that usually made 
can l)e obtained by using the process ordinarily employed for 
sand-lime bricks. In this process the materials are mixed 
together in a semi-dry state and are shaped by powerful presses, 
such as that shown in fig. 186. They are then “ hardened ” by 
exposure in a steaming chamber for about ten hours, whereby 
a partial combination of the lime and silica takes place, and the 
bricks can be more readily handled and stacked in the kiln. 
In the ordinary lime-sand (or sand-lime) bricks more lime is 
used than is desirable in silica-bricks for refractory work. 

Although fire-clay bricks made under pressure are inferior to 
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those made by the ordinary hand-moulding process, silica-bricks 
are not so seriously affected, and providing the grading of the 
particles of silica is properly arranged, the use of presses does not 
appear to be detrimental. 

From • experiments now being carried out by the author re¬ 
garding the sizes of grains in silica-bricks, the same gi-ading as is 
used for fire-bricks appears to be desirable though not essential. 
Some .separation into “ medium ” and “ very fine ” particles 
appears to be very desirable, though to the best of the author’s 
knowledge no maker of silica bricks at present works with this 
in view, though several makers of lime-sand bricks are doing 
it. The experiments not being complete, conclusive suggestions 
cannot be given, but the results already obtained indicate that 
about one quarter of the rock or sand and all the lime should 
be ground in a ball-mill to as fine a fiouir as possible, and this 
dust added to the more coarsely ground material previous to 
mixing the whole with water and shaping into bricks. 

Ganister-hricks are another variety of fire-bricks; they are 
intermediate in character between those made from fire-clay and 
from silica. 

True ganister is a dense siliceous rock contaijiing up to 10 per 
cent of clay. It is found in various parts of the country, the 
best deposits being in the neighbourhood of Sheffield, Gartcosh 
(West Scotland), and Dowlais (Wales). It is a water-deposited 
mineral, probably derived from granitic rocks in a manner sim¬ 
ilar to clay, and varies considerably in composition. 

The best Yorkshire ganisters contain 95 per cent of silica, of 
which about 5 per cent is in the form of clay. 

Ganister-bricks are made in a manner similar to silica-bricks, 
but lime is seldom added, as the clay in the ganister acts as a 
sufficient binder. Indeed, the term “ silica-brick ” is often 
applied to bricks made of ganister or to mixtures of silica and 
clay which are intended to resemble ganister. 

In some cases, ganister-liricks must l)e treated very carefully 
in drying sheds and in the kilns, just as though they were made 
of fire-clay, Imt most ganister-bricks can l)o made and fired 
rapidly. They should be heated to a temperature corresponding 
to cone 16 or 17 and require to bo carefully cooled. 

Basic bricks are usually made of magnesia or bauxite and 
are weak in resistance to irressure, but remarkable for their 
resistance to heat. Bauxite is infusible and magnesia practi¬ 
cally so, as it only becomes viscous at about 1950° 0. 
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Bmxite-brieks are made by grinding the material to a “moder¬ 
ately fine powder in edge-runner mills (p. 183), ftixing it with 
about* one quarter of its weight of clay and a little water in a 
pug-miU (p. 49), and moulding it by hand by the slop-process', 
so that the process used is similar to that employed for second- 
grade fire-bricks. Bauxite-bricks may also be made in a stifif- 
plastic machine and dried-on a steam-heated floor or in any con¬ 
venient warm place. 

The burning presents no special difficulties, except that, as the 
bricks are weak, they cannot be stacked very high, and must 
therefore be burned in low kilns or on the top of other bricks m 
an ordinary kUn. The bricks must be protected from " flash¬ 
ing,” and plenty of air must be used in the firing, as otherwise 
the iron oxide present in the bauxite will be reduced and will 
lessen the value of the bricks. Bauxite-bricks should be fired 
at a temperature not less than 1260" C., as a high finishing tem¬ 
perature is desiraUe, but is difficult to secure without reducing 
the iron. The shrinkage of bauxite is so great that bricks of this 
material cannot well be used at higher temperatures than that 
used in their manufacture. 

Magnesia-bricks have come much into prominence during the 
last few years, though the raw material used in them has to be 
imported into this country. The manufacture is accompanied 
by peculiar difficulties if a really strong magnesia-brick is to be 
made from pure materials. 

The materials of which unagnesia-bricks are made are 
(1) caustic magnesia, obtained by burning magnesite at a moder¬ 
ate red heat in kilns similar to those used for lime; and (2) dead 
Immed, or sintered magnesia, obtained by heating caustic mag¬ 
nesia to a still higher temperature. This must contain a small 
proportion of iron oxide (about 4 per cent) as otherwise the sinter¬ 
ing temperature would be too high. 

The magnesia is ground to a fine powder in an edge-runner 
mill, a little water (about 6 per cent) being added so as to form a 
pasty mass. This is allowed to stand for a few days. Some firms 
grind the materials separately with cmshiug roUs and mix them 
by hand, or in an open mixer, instead of both grinding and mix¬ 
ing in a pan-mUl. The pasty mass is formed into bricks by 
powerful hydraulic presses, a pressure of 300 to 500 atmospheres 
being necessary. A good press will deliver 2500 bricks per day. 
The bricks are then carefully and-slowly dried in well-ventilated, 
steam-heated sheds, or in drying tunnels. Great care is needed 
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in moving the pressed but , undried bricks, as they are very smisi- 
tive to slight shocks and vibrations. 

Magnesia-bricks may be fired in round down-draught kilns of 
«mall size, but the temperature to be reached is so high that gas- 
flred kilns are preferable. In tmy case the kiln should be lined 
'With magnesia bricks. It is essential that the kilns shall be 
low (not more than 4 ft. 6 in. high internally) and comparatively 
small. The finishing temperature should not be less than that 
corresponding to Seger cone 18, and it is usually better to finish 
wth cone 23. The addition of clay and other bmding materials 
is imdesirable, as it makes the bricks less refractory. 

Owing to the tenderness of the upfired bricks, a skilled setter 
-should be employed to place them in the kilns, and he should be 
instructed to bed each brick carefully in magnesia sand. This 
“ sand ” must have been freed from duft 1 ^fore use, the most suit¬ 
able sized grains being tV in. diameter. Fine dust causes the 
bricks to adhere to each other during firing. 

The bricks, when drawn from the kiln, must be gauged accur- 
.ately and sorted according to size, so that, in use, they may be laid 
with the narrowest possible joints. 

The chief diificulties in the manufacture of magnesia-bricks 
jire due to irregular shrinkage of the raw material, the great pres- 
.sure required in shaping, and the high kiln temperature. The 
first of these is by far the most troublesome, but much can be 
done by carefully determining the density of the raw material 
mid classifying it accordingly. 

Magnesia-bricks possess a remarkable power of resisting the 
notion of slag and limestone, so that their relatively high cost is 
soon saved when they are used in certain types of metallurgical fur¬ 
naces. They are, however, very sensitive to the action of silica. 
•Owing to a tendency to expand on repeated heating, they should 
not be used in arches. 

The “ mortar ” used in laying magnesia-bricks should consist 
•of powdered magnesia mixed with one-ninth of its weight of tar. 
It must be used hot. 

Neutral fire-bricks are usually made of chromite (an ore con¬ 
taining about half its weight of chromium oxide and one-quarter 
of its weight of iron oxide) and are difiicult to prepare, as the 
material is almost destitute of binding power. It is, therefore, 
usually mixed with fire-clay or bauxite in such a proportion that 
the bricks contain one-third of their weight of chromium oxide, 
or chrome ores containing alumina are used. 
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These chrome bricks are best made by crushing the material to 
a powder, and compressing it by a powerful press (p. 223-236). 
The bricks are fired at a temperature corresponding to cone 12 or 
over. . . 

Briquettes of compressed graphite or other form of carbon are 
occasionally used for high temperature work. They are made 
by grinding graphite or coke to a powder, mixing it with about 20 
per cent of tar, and compressing in hydraulic or other powerful 
presses. 

The manufacture of similar briquettes from low-grade coal 
is greatly used on the Continent to form fuel, but in Great Britain 
the price of good coal is not sufficiently high to make briquetting 
commercially profitable. 



CHAPTER XI 
GLAZED BRICKS 

Thkbe is a general impression amongst brickmakers that any kind 
of brick can be glazed, providing that the composition of the glaze 
is known. This half-truth has been the caure of much trouble and 
loss of money, because few people have yet realized that unless 
the brick to which the glaze is to be applied is practically perfect 
the glazed brick wiU l)e a failure. Trifling defects in a facing 
brick are often overlooked, but even smaller defects in a brick 
which is afterwards glazed will render attempts to sell it entirely 
abortive. Thus, a few tiny specks of lime in a facing brick may 
be passed unnoticed by the purchaser, but, if such a brick be 
glazed, the glaze will shell off above each lime-speck and the 
lirick will be of no value. 

Speaking generally, red-burning clays are very liable to defects 
which are trifling in themselves, but which render successful 
glazing impossible, and, whilst a few firms have succeeded in 
building up a good trade in glazed bricks made of red-buming 
clay, the majority of those who have attempted to use this 
material on a large scale have failed to show any profit. 

Glazed bricks, are, therefore, chiefly made of fire-clay, the 
second-grade clays with a fusibility corresponding to cone 26 to 
-50 being used. 

A brick to be suitable for glazing must be regular in shape, 
exact in size, with clean arrises, and a fine face free from small 
irregularities or discoloured spots. It must be sufficiently porous 
to absorb the water in the glaze-slip, and must be refractory enough 
to keep its shape whilst heated at a temperature which will suit 
the glaze. 

Such bricks are usually made by the plastic process (p. 76) 
and are repressed before being fired, so as to obtain a good shape 
and face and to make them accurate in size. Any of the re¬ 
presses illustrated on pages 140 to 153 may be used; that by 
Pullan & Mann (fig. 96) has a special measuring mechanism 
* (397) 
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which automatically makes all bricks pressed in the same thick¬ 
ness, as any excess of ^clay is absorbed by making a somewhat 
shallower frog than usual. * 

When made of fire-clay, bricks to be glazed are often hand 
moulded, as are fire-bricks (p. 885), and are repressed when parti¬ 
ally dry. Dry-pressed bricks are slowly coming into use for gfozing 
purposes, but they have not proved popular so far, owing to their 
liability to develop tiny surface cracks .which .are of little or no- 
importance in unglazed bricks but prevent glaze adhering pro¬ 
perly. 

Much difference of opinion has been expressed from time to 
time on the desirability or otherwise of burning bricks before 
glazing them. It is considered that the cost of burning the bricks 
is so much wasted money, as they have to be rebumed when 
glazed. Experience slwiws, however, that if the glaze is applied to 
unflred (“ green ”) bricks, the damage suffered in handling makes 
a large proportion of the bricks useless when they come from the 
kiln. These spoiled, glazed bricks cannot be sold except as 
rubbish, as it is obvious that they are damaged. If, on the 
contrary, the bricks are first burned without glaze, any defective 
ones sorted out may be sold as building bricks of good quality, 
or even as fire-bricks at a higher price. The bricks selected to be 
glazed are stronger and less liable to damage, the amount of glaze 
wasted is reduced, and the number of unsaleable glazed bricks is 
brought to a minimum. These various savings often combine to 
make it cheaper to fire bricks twice instead of once. 

At the same time, it is often possible with extraordinarily 
careful handling to glaze the unfired bricks and put them into 
the kilns in a remarkably perfect condition, and if workpeople 
who will give sufficient care to the matter can be obtained, it is 
quite possible (though seldom realized) to obtain a large propor¬ 
tion of excellent glazed bricks with a single firing. 

A mistake often made by the purchasers of glaze recipes-is to 
consider that they can buy aU the bricks they require from a 
neighbouring yard. Such people forget that bricks intended for 
glazing need most careful handling, as when chipped at the edges 
they are rendered useless. As few bricks which have been carted 
from one yard to another are not slightly chipped, it is practically 
impossible to buy bricks for glazing unless the glazer is allowed 
to work on the same premises as the brickmaker. 

The glazed-brick manufacturer cannot be too stringent or 
careful in the selection of his bricks. 
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The glazes used for bricks must be sufficiently durable to 
withstand ordinary climatic changes wittiout “ crazing ” or form¬ 
ing haij-like cracks. They must be sufficiently hard to withstand 
accidental blows, and m,ust adhere to the brick so completely 
that they will not chip, or peel offi Glazes which melt at low 
temperatures (below 1000° C.) do not usually possess these neces¬ 
sary characteristics when fired on a porous body, but tend to 
craze or peel. Glazes»firpd at a higher temperature are therefore, 
employed for glazed bricks, as the higher temperature enables a 
mixture of material to be used which produces a mass more 
nearly resembling the brick itself. Low-temperature glazes are 
frequently termed “soft-fired ” or “soft,” and high-temperature 
ones are spoken of as “ hard-fired ” or “ hard ”; the terms “ hard 
and “ soft ” when applied to glazes have iic necessary connexion 
with the softness or hardness of the gf«Jt, 

It is seldom that a glaze can be applied directly to a brick, as 
the colour of the brick itself will usually spoil the colour of the 
glaze. It is, therefore, customary to cover the face of the brick 
with a “ body ” composed largely of white-burning clay and to- 
apply the glaze to this body. 

For dark-coloured glazes, particularly green ones, the glaze 
may often be applied direct to the brick without any intermediate 
“body,” and the use of a white opaque glaze permits the, 
omission of the intermediate “body” when white bricks are 
needed. Owing, however, to the difficulties connected in pre¬ 
paring white opaque glazes, it is, at the present time, customary 
to use a white body and a transparent glaze in the manufacture 
of white-glazed bricks. Opaque glazes are becoming increasingly 
popular, and have many advantages In spite of the difficulties 
involved in preparing them. 

The clay being suitable for the purpose of making a clean, well¬ 
shaped brick, the most important part of the manufacture is the 
p-essing. The presses should be placed conveniently near to the 
second drying floor, or to the dripping sheds, according as the 
bricks are burned or glazed in the green state, as a little rough¬ 
ness in handling the unpressed bricks will do no damage, but the 
pressed bricks must be handled as little as possible and carried 
as short distances as possible. 

Two serious errors arise in pressing, and must be prevented 
at all costs. The first is due to the use of worn moulds or dies, 
whereby the bricks are formed with an “ arris ” or rough edge on 
them, and a clean edge is then impossible if the arris is not re- 
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moved. The second is where the press-man fails to clean out 
the die completely, with the result that succeeding bricks have 
small pieces of clay forced into their faces and these rise during 
the dipping and later cause the glaze to peel. 

Pressing bricks for glazing is necessarily a slow operation (about 
four bricks per minute being the maximum), and any attempt 
to hurry the press-man may result in the loss of several hundred 
bricks, because these are spoiled by loose arris getting on to the 
faces of the bricks, or in other ways. 

Glazed bricks must be laid with the thinnest possible joints, 
and, for this reason, must be pressed accurately. Any good press 
may be used for this purpose, but it is sometimes a convenience 
to use one in which the die can bo drawn out on slides to the 
front of the press in order to discharge the brick, and enable the die 
to be cleaned before pressing another brick. When the die is 
movable in this way, it is much easier for the workman to see 
that it is properly cleaned and oiled than when a die fixed per¬ 
manently beneath the plunger is used. It is, however, essential 
that the slides on which the die moves are kept })erfectly clean, 
or the male part, of the die will not fit accurately into the other 
jiortion and the die will be damaged. 

Bricks which ai'e glazed previous to burning re(piire to be set 
in the kihis with the greatest care to prevent chipping, and the 
temperature throughout the kiln must be as even as possible or 
the bricks will be unevenly glazed later. Bricks to be glazed in 
the green state are often first “ clapped ” with a flat wooden blade 
to close, up the fa((e, but with a good ]>ress and careful man this 
operation is not necessaiy. 

The bricks to be dip])ed are placed on a large off-bearing 
barrow with ample sjirings to prevent undue vibration, and are 
taken to the dipper, who has a small wagon to carry his tub of 
slip. 

If the bricks are to bo dipped before firing they are placed 
<lirectly they come from the ]>re8s on to the barrow already 
mentioned, a sufficient number of these barrows being provided 
to allow the bricks to dry somewhat after they have been pressed. 
This is better than placing the bricks on the floor as they come 
from the press, as the double handling thus necessary is certain 
to damage them, and the cost of a few additional barrows is not 
usiially prohibitive. 

The barrows with the bricks on them may be run into a warm 
shed so as to allow the bricks to stiffen and dry sufiiciently with- 
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in two or three hours, or they may be left overnight, brickB 
pressed one day being dipped on the next. The bricks must not 
be BO dry as to show a lighter colour at the edges. Some firms 
dip the bricks after they have been dried “white hard,” but this 
is seldom isatisfactory as the sudden soaking of the dried face 
often cracks it. 

When fired bricks are to be dipped they should be sorted at 
the kilns, and good‘bricks placed on the barr«|s described and 
taken to the dipping shop. 

The dipping shed is provided with rows of temporary shelves, 
and the man places each brick on one of these shelves as 
soon as he has dipped it. As alre^^y mentioned, it is usually 
necessary to cover the face of the bricks with “ body ” before 
applying the glaze, this process being corajuonly known as “ body¬ 
dipping ” or “ bodying ”. '* , 

The process of “body-dipping” varies somewhat in different 
localities, but the following description of the method used by 
the author and many others can be relied upon as being satis¬ 
factory. It requires the services of a man and a big boy, an 
extra lad being advisable when special bricks are being treated. 

The first lad (termed the “ brusher ”) is provided with a basin 
of “ first dip ” (see later) into which he dips a broad brush with 
soft bristles about 2 in. in length, and by lightly passing the 
brush over each of the bricks on the barrow, a uniform coating 
of “ dip ” is applied to each. It may, sometimes, be necessary 
to go over the edges of the bricks a second time, any surplus 
material being removed by the brush at the same time. It is 
necessary that this first coating should be as even as possible, 
and that it should extend slightly over the edges of the face of 
the brick. 

After each brick has been “ brushed ” in this way, it is 
“ dipped ” into a tub of “ body ” by the man, being immersed 
sufficiently to cover the face of the brick and but little more. 
This dipping requires sonle amount of skill in order to get satisfac¬ 
tory results and to produce an even coating free from streaks. 
The bricks should be taken up by both hands, held with the 
face downwards at a slight angle, and in this position should be 
dipped into the body with a single, sweeping motion. The move¬ 
ment of the brick in the liquid should be very slight, as a long 
sweep is liable to cause streaks. The correct movement is ob¬ 
tained when the end of the brick which first enters the liquid 
emerges at not more than a foot from the place where it enters, 
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though for some clays even this sweep is a couple of inches too 
long. The dipped brick is then placed on a shelf to dry. 

Bricks which have two faces dipped require even more skill, 
but the process is the same, the only diflference being that a shelf 
narrower than the brick must.be used, so that the glazed portion 
does not come into contact with it during the drying. Some¬ 
times the bricks are dipped twice in the body after an interval 
of a couple of hours, but with a good body this is seldom neces¬ 
sary. 

The dipping shed should 1)6 kept moderately warm (65° F.), 
but must not be so hot as to cause the body or glaze to peel ofif. 
The heat may most conveniently be supplied by steam-pipes 
about 1 in. diameter near the flooi’ and below the shelves on 
which the dipped bricks are placed. 

Some firms prefer t(^ burn the brick after it has ))een dipped 
in the body, but this is not advisable as any slight variation in the 
heat will prevent the bricks glazing evenly, and discoloured bricks 
are more frequent than when the bricks are finished before firing. 

The glaze is applied by dipping in precisely the same manner 
as the body, but it is usual to let the other end of the brick first 
enter the glaze. 

Most unfired bricks are dipped in glaze within two hours or so 
of their being “ bodied,” but the interval between the operations 
depends upon the brick. The glaze may usually be applied as soon 
as the body has become dull in appearance and no longer appears 
to be wet, although it is really so. Fired bricks are ready for 
glazing within a few minutes after being dipped in the body. 

Any surplus glaze is removed (after drying) by means of a 
fine wire brush, or a sharp knife. The ))ricks are then ready for 
the kiln. 

The materials used in the preparatioji of glazed bricks are 
very numerous, and would require a large volume to describe 
them fully. For temperatures near 1000° C. they are similar to 
those used by potters, but for the higher temperatures less fusible 
glazes are employed, and these are usually composed of felspar, 
Cornwall stone, flint, and whiting, the corresponding bodies being 
composed of china clay, ball clay, Cornwall stone, and flint, a little 
.'of the brick clay being often used in the “first dip ”. 

Other materials such as barytes, zinc oxide, soda, and plaster 
of Paris may be added at the discretion of the glaze maker, and 
the'materiala must, in some cases, be fritted into a kind of glass 
and ground before use. 
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Lead compounds are seldom necessary in hand-fired glazes, 
and their use should be avoided whenever possible for several 
reasons. 

Coloured glazes are usually made by adding 1 to 6 per cent of 
one or more of the following metallic oxides to either the body 
or glaze:— 

For whites —^Arsenic, oxide of tin, tin ashes, oxide of bismuth. 

For browns —Iron anc^ manganese oxides, coloured clays (sien¬ 
nas and ochres) and umber. 

For ijellotvs —Titanium, antimony, and iron oxides, lead 
chromate, and (for orange yellovrs) uranium oxides. 

For reds —Ferric oxide, or red copper oxide, or gold under 
strong reducing conditions. 

For pinks —Chromium and tin oxides mixed. 

For hlms —Cobalt oxide or phosphare, yith or without opacity- 
producing materials like zinc-oxide. 

For ijreens —Chrome oxides, bichromate, copper oxide, cobalt 
oxide, and yellow clays. 

For blacks —cobalt and manganese or iron cliromate (mixed). 
A perfect black glaze is unknown. 

For jfold-rThe metal gold is applied in various forms, but can 
only be used at very low temiseratures. 

For silver —platinum and some of its compounds. 

These materials may be purchased from dealers in potter’s 
materials in the form of “ chemicals ” or as prepared glazes, 
bodies, or colours which only require to be mixed with water to 
make them ready for use on certain clays, though, usually, 
the composition of bodies and glazes must be altered to suit 
the particular bricks to be used, so that no general recipe is pos¬ 
sible for all cases. 'The following recipes are, however, given 
here as indicating the general type of body and glaze which (after 
adaptation) will be found most suitable for general work:— 

FIKST DIP. 


China clay . 70 lb. 

Ball clay . 15 lb. 

Cornwall stone .10 lb. 

Flint.5 lb. 

Water, about . . . .10 gals. 


Part of the clay may be replaced by the clay of which the 
bricks are made, but this is not usually desirable, and in the case 
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of eome fire-clays is impracticable on account of the shale-oil they 
contain. 

The amount of water depends largely on the nature of the 
bricks, and may be as low as 8 or as high as 15 gallons. 

The materials should be weighed out accurately, placed in a 
clean tub, stirred up well and passed through a No. 80 sieve, any 
material remaining on the sieve being thrown away. 

Some workers prefer to use a “ first dip ’’ made by adding more 
water to the ordinary body; where this can be done it saves the 
trouble of making a special mixture. 

WHITE BODY. 

China clay . . . . 60 lb. 

Ball clay . . 10 lb. 

Cornwall stone . . .20 lb. 

Flint .' . .10 lb. 

Water, about .... 10 gals. 

These materials should be thoroughly mixed together—a 
mechanical blunger being used when the quantities to be mixed 
at a time are sufficiently large—and passed through a No. 60 or 
80 sieve. If a blunger is used, the ball clay, flint, and water should 
be added together, the remaining materials being added when the 
former have been well mixed. The Idunger should be emptied 
and cleaned out as soon as the paddles have been stopped, or 
trouble may occur with the materials setting hard. 

COLOUEDBSS GLAZE (CONE 8). 


Felspar.20 lb. 

Cornwall stone . . .60 lb. 

Flint.5 lb. 

Whiting.16 lb. 

Water, about . . . .10 gals. 


This is prepared in a similar manner to the body. It may 
have "5 per cent of ball clay or 3 per cent of barytes in place of 
5 per cent of the stone. It is better than a purely felspathic 
glaze, as, being more adhesive, it is less liable to be chipped 
or to fall off. 

Majolica glazes are used for all those clays and colours which 
cannot be produced at higher temperatures. The bricks must, 
with majolica glazes, be fired in muffle kilns, and must have been 
fired before being glazed. 
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The glaze (usually opaque) is applied by dipping in the 
manner already described, it being used direct or preferably on a 
body. 

Owing to the low temperature in the glaze kiln the glazes 
must usually have been fritted before use, or some portion of 
them must have been submitted to this process. 

A typical fritt for glazed bricks is composed of red lead, Corn¬ 
wall stone, borax and sqda, with china or ball clay, the propor¬ 
tions varying with the temperature to be reached. Owing to the 
trouble of preparation, brickmakers usually buy their fritts and 
colours in such a state that they only need mixing to be ready 
for use. The larger works employ men who have made a special 
study of majolica glazes—a subject requiring almost a life’s work 
before perfection can lie reached. 

The raw materials, as well as the bod^or glaze slips, must be 
stored in a clean dry place, which is cool in summer and not cold 
enough for the slips to freeze in winter. The roof or ceiling must 
be of such a nature that nothing will drop from it into the slips, 
and these slips should be kept covered. 

Large wooden bins are most suitable for the material. The 
slips are best kept in glazed cisterns or tanks, set about 3 ft. above 
the ground-level and fitted with an outlet in the bottom. They 
should not be too deep for a man to be able to stir their contents 
easily with the aid of a bat about 2 ft. 6 in. long. Before with¬ 
drawing any slip, the liquid must be thoroughly stirred up so 
that no deposit remains on the bottom. ' 

The slip should be taken to the dipping sheds in glazed 
earthenware bowls. These can be obtained cheaply, and are far 
less liable to discolour the bricks than are cans made of zinc or 
galvanized iron. Iron and brass cans must on no account be 
used, and enamelled iron is also unsatisfactory. 

During the dipping, the glaze and body must be kept in con¬ 
stant motion, and should be frequently passed through a No. 80 
sieve to remove foreign particles and>to aid in the mixing. 

The setting and firing of the glazed goods are matters sequiring 
great care. The bricks must be placed in such a manner that 
they do not run any risk of chipping, nor of being discoloured or 
otherwise damaged by the flame. One satisfactory method of 
setting glazed bricks is shown on p. 836, though some firms 
have found continuous (chamber) kilns excellent and economical. 
MufHe kilns are not necessary if the bricks are placed properly. 

Coloured glazed bricks must be kept apart from each other 



406 


MODERN BRICKMAKINO 


and from white bricks, as a certain amount of “ volatilization ” 
of colour always occurs. 

The glazed faces of bricks must also face other glazed faces, 
or otherwise they will be dulled. 

The manner of heating will depend on whether the bricks have 
been fired before being glazed. If not, they must be heated as 
cautiously and steadily as possible, all the precautions mentioned 
in section on burning (p. 337 to 367), being observed. When 
the bricks have reached a bright red heat and are fully oxidized, 
the heating should be continued somewhat more quickly than 
when unglazed bricks are fired, as prolonged heating tends to dull 
the glaze. 

The “ finishing point ” of the kiln is ascertained by drawing 
out glazed test-pieces (fig. 251) and by examining these; a fairly 
accurate idea of the temperature is 
also obtainable by the use of Seger 
cones. The full temperature re¬ 
quired having been reached, the 
fires are poked up, suflicient air 
being admitted to let them die down 
rapidly (to prevent overheating) 
and the openings in the kiln are 
then all closed and made air-tight 
with clay paste. 

Kilns containing glazed bricks 
should be cooled fairly rapidly at 
first—^until the glaze is too cool to 
devitrify or crystallize—but as soon 
as they have reached a temperature 
at which this cannot occur, usually of 900° C., they should be 
cooled much more slowly. 

When the glaze is applied to bricks which have been fired 
previously, the heating of the kiln may be fairly rapid, but the 
cooling must be cautiously carried out. 

Salt-glaned hkhs are in great demand where a cheap but 
reliable glazed surface is required. Owing to the special manner 
in which the glaze is formed, it is less liable to defects than 
ordinary glazed bricks. Water and frost do not afiect them in 
any way. There is a greater demand for light glazed bricks than 
dark ones. Unfortunately the number of colours available is 
very limited and white salt-glazed bricks are exceedingly difficult 
to produce. 
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Ordinary salt-glazing produces a dark brown glaze (similar to 
that on drain pipes), but many makers “ improve ” upon this by 
first dipping the bricks in a body. 

Salt-glazing differs from other methods of glazing in that no 
glaze is applied direct to the bricks. The bricks are placed in a 
down-draught kiln and, when sufificiently heated, salt is thrown 
into the fire-holes and automatically glazes the exposed portions 
of the bricks. , 

In simple glazing with salt, the glaze is really formed from 
part of the salt combining with part of the clay, so that the glaze 
is necessarily far more adhesive than when all the constituents 
of the glaze are mixed together and applied in the form of a slip 
or spray. For many years the composition of the salt-glaze pro¬ 
duced on fire-clay was unknown, but Maeckler has investigated 
the subject very thoroughly and his v^onclusion that it has a com¬ 
position corresponding to 20 per cent aliSmina, 54 per cent silica, 
and 26 per cent soda and other oxides is now accepted, though 
the reactions which result in its formation have not been fully 
explained. 

All clays are not suitable for glazing with salt, as it is found 
that a certain temperature (corresponding to cone 2 but more 
usually cone 7) is essential for the full development of the glaze, 
and that the proportion of alumina and silica must be within 
comparatively narrow limits. L. B. Barringer has shown that 
the most suitable clays are those containing about 63 per cent 
silica and 23 per cent alumina, but provided there is not less than 
3 lb. or more than 8 lb. of silica to each lb. of alumina in the clay 
a good glaze may be obtained. Some clays outside these limits 
can be salt-glazed, but will not give really good results. The 
state in which the silica is present does not appear to be import¬ 
ant, and some clays which, alone, cannot be salt-glazed will give 
excellent results when mixed with very fine sand, but coarse or 
medium sand cannot be used for this purpose. 

The best results are obtained with clays which begin to vitrify 
at the temperature >at which the salt is added, but wl^ich do not 
lose their shape until a far higher temperature is reached. 

For this reason, some firms have obtained very excellent 
results by the use of ball clays to which sufficient sand or grog (non - 
plastic material, see p. 18) has been added to reduce the other¬ 
wise excessive shrinkage, or by adding.sQme ball-clay to a fire-clay, 
shale, or other lean clay. Occasionally, a mixture of several 
clays and grog is employed, the olyeet being to form a “ skele- 
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ton ” of lean clay or grog, and to use the fine clay to bind the 
other particles together and to help the vitrification. 

Bricks for salt-glazing can be made by any of the processes 
already described, but they should be pressed (p. 139) or repressed 
so as to give them a sharp, clean-cut appearance. The methods 
used for the manufacture of glazed bricks (p. 397) should there¬ 
fore be used, but the bricks, instead of being “ dipped ” when 
partially dried, are dried completely and then taken to the kihi.. 

Bricks made from a ball-clay mixture must not be permitted 
to dry too quickly; if they are forced in drying they wiU be cer¬ 
tain to crack. Two or four days is the average time taken to dry 
such bricks after being pressed,' before they are in a condition 
suitable for placing in the kiln. If drying space is limited, the 
bricks can be stacked in rows to dry two days after being pressed, 
and the space thus vacated may be refilled with fresh bricks. 

The bricks must be Ihoroughly dry throughout before being 
set in the kiln, otheiavise the steam contained in them will 
cause them to crack. 

A “ salt dip ” or coating for using upon the brick is often 
necessary to give the surface of the bricks a uniform, smooth sur¬ 
face, which will assist the salt to produce a bright, good-coloured 
glaze. This salt-dip, or body, is composed chiefly of washed 
clay (passed through a No. 60 sieve), and it is best to use the 
same clay for the dip as is used for making the bricks, providing 
that the clay contains a very small percentage of impurities. 

If the clay contains much iron sulphide it is very unsuitable 
for use as a body-dip, because the iron will cause the surface of 
the bricks to contain rough, black specks resembling small 
cinders, and the bricks will not be suitable for good work. 

When the clay used for the dip does not produce a good, 
deep-coloured glaze, it should have mixed into it a small quantity 
of IJnglish or French ochre, or if one sort does not furnish the 
desired tint, a small proportion of each ochre may do so. .When 
using the ochres great care must be taken that they are thoroughly 
mixed wij;h the clay, or dip, so that the colour will be uniform 
on all the bricks. If too much colouring matter is employed 
it will destroy the soundness of the dip, so that care should be 
taken to use only as small a quantity of colouring matter as will 
give the desired shade. In all cases the dip must have a shrink¬ 
age equal to that of the brick. 

In cases where the bricks are fired to a temperature of 1210° 
to 1230° C. (indicated by Seger cones Nos. 4 and 5 respectively) 
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it will be advisable to use a dip composed of good fire-clay and 
ball clay; a few trials of different proportions will soon determine 
the quantity of each required fer a dip which will adhere well to 
the bricks. All the materials used for dips should be thoroughly 
soaked in an equal weight of water (1 gal. to every 10 lb. of 
■clay) before being sifted, and if they are soaking for two or three 
months they will work all the better. No dip should be used a 
few hours only after et js wetted, as small air bubbles wUl come 
out on the surface and cause small holes or “ pinholes ”. After 
the dip has been suificiently soaked it is sifted twice through a 
No. 30 or 40 mesh sieve. 

The dip should be used as thin as is ^'onsistent with a perfectly 
sound surface ; the thicker the dip the greater its chance of peel¬ 
ing off or becoming otherwise unsound noon the brick’s face. As 
a rule, five gallons of dip are sufficient tq coat about 1000 bricks 
on one side. 

The kilns used in salt-glazing may be single or continuous 
■{chamber) kilns, though there are disadvantages in the latter un¬ 
less they are used exclusively for salt glazing. In most work it 
is, therefore, better to use separate down-draught kilns (p. 248) 
with a perforated or false bottom. There must be ample grate 
area in the fire-boxes, and the generally accepted rule amongst the 
builders of salt-glazed kilns—viz., 6 sq. ft. kiln area for each fire¬ 
box—is generally satisfactory. 

As the damper in the main flue of the kiln is of great impor¬ 
tance in salt-glazing, care should be taken that it fits well'and is 
kept in good order. The brickwork must be tight, as a good, 
sharp draught is needed during some parts of the firing. 

The goods are placed so that there is ample room for the salt 
to reach the faces to be glazed, but apart from this they are set 
just as if they were ordinary glazed bricks. 

To some extent the method of setting depends upon the 
aiumber of headers and stretchers required to be set. 

If 25 per cent of headers are required, the' bricks may be set 
in the following manner: lay a straight edge on the flotor at the 
back of the kiln and set the shortest row of Imicks from screen 
wall to wall, beginning the row with headers. Three rows of 
headers are next set on edge end towards, and upon the top row 
of headers the stretchers are set end downwards, face upwards, 
in a double row back to back, so that the faces of stretchers and 
headers stand perfectly upright and level. The stretchers should 
be up four rows high, breaking joint in each row, so that the walls 
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will be firm and the bricks prevented from tipping during the 
burning. 

Upon this row of stretchers, headers are again laid end out¬ 
wards, to form a tie to the double wall of stretchers. Every two 
rows should be tied together with burnt bricks to keep the walls 
erect. Upon the headers thus set, bull-nose, double stretchers, and 
other bricks having two or more slyied faces are set up in 9 in. 
columns leaving a space of 2 in. between jaojli. These are stacked 
up about ten to fifteen bricks high according to the strength 
of the clay used, so that the bottom bricks will be strong enough 
to carry the weight of the others set upon them. When the kiln 
has been filled, the wicket is built up smeared over with clay 
paste so that when this is dry the kiln is ready for lighting. 

The firing must be steady. When a good red heat has been 
reached it should be fjirly rapid, a' good “ body of heat ” being 
reached before the salt is added. This is necessary, because 
the decomposition of the salt is accomi)anied by a sudden drop 
in the temperature of the kiln (sometimes as much as 300° C.), 
and if the bricks are not hot enough the glaze will ))e dull and 
scummed. 

It is possible to glaze with salt when the temperature is as low 
as cone 1, but the bricks produced are seldom of first-class quality, 
and it is far better not to add the salt before cone 7 has lieen bent 
over in the cooler parte of the kiln. 

As cone^ are useless when salt is present, many Imruers 
dispense with them and heat the kiln until vitrification sets in 
before salting and the goods have a slight gloss or “ flash ” on the 
surface. Some fire-clays give no indication of this kind and cones 
are then necessary for reliable work. 

The working of the kiln when salting varies with dili'erent 
men, but the usual and best plan is to get the fires clear and free 
from smoke—the bricks being at the right temperature as already 
indicated—and thoji to drop the damper to within a few inches- 
of its lowest point. A shovelful of salt is next put deep into each 
fire-hole»in turn and the hole closed with slabs or doors. 

After a quarter of an hour or rather longer, the damper is raised, 
and the fires fed with coal, the object being to raise the tempera¬ 
ture of the kiln to what it was before salting. When this tem¬ 
perature has been reached the damper is again lowered and 
another shovelful of salt is placed in each fire-hole, as before. A 
final firing (with the damper raised) will usually complete the 
glazing, but this should be cojifirmed by drawing trials (fig. 25-1) 
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which will sliow whether the sla*'' is sufficiently thick and 
glossy. 

It is wise to draw trials before adding the second batch of salt, 
as occasionally the temperature falls more than is expected and 
a longer period of firing is then necessary. . In any case it is 
useless adding more salt until the bricks are hot enough to de¬ 
compose it. 

Some men habituaHy add salt three times, but tliis is seldom 
necessary, and the use of trials drawn after each firing will show 
whether a third dose of salt is desirable. Most fire-clays require 
10 oz. to 20 oz. of salt per cubic foot capacity of the kiln. The 
salt may be damped if necessary, but the moisture in the coal is 
usually sufficient to provide all that is needed. 

The colour of the glazed bricks will dejiend on the clay of 
which they are made, or the “ dip ” if ^iny is used, and also on 
the extent to which the kiln <lampev is kept open. A partly 
closed damiier will introduce reducing conditions during the firing 
and will cause the glaze to darken. Liglit-coloured glazes need' 
plenty of air and a widely opened damper. The ordinary colours 
are yellow to dark red-lirown, or occasionally a brownish black, 
liut if a “ body ” is applied, the colour produced may be blue, 
brown, yellow, or green according to the oxides present in the 
body-slip. In such cases, the damper must be kept fully open 
and the fires very clear. 

The kiln must be cooled fairly quickly until the goods are at 
a dark-red heat,’ but the elaborate precautions taken by some 
burners are seldom needed. The fires should be kept clear by 
frequent and light stoking, so that when the kiln is finished they 
may be allowed to die down without any danger of developing 
“ sulphur ”. As soon as the fires are sufficiently cooled, the fire- 
holes may be stopped u]) with slabs and made tight with clay- 
paste. 

“ Scummed bricks ” are due to insufficient firing l)efore or after 
adding the salt, and can usually be cured by re-firing at a higher 
temperature. • 

Rough and blistered bricks arc due to over-heating the clay, 
especially with insufficient air. This causes it to swell and blister. 
The defect is caused before salt is put into the kiln, but is more 
readily observed when the bricks are glazed. The remedy is to 
fire more slowly at a dark-red heat, with an ample supply of air, 
until all the carbon has disapj)eared, or to use a more refractory 
clay. 



CHAPTER XII 

PERFORATED. RADIAL AND HOLLOW BRICKS AND BLOCKS. 
PARTITION BLOCKS AND FIRE-PROOF FLOORING. 

Thb manufacture, of hollow or perforated bricks and blocks has 
increased greatly during the last few years, particularly in the 
manufacture of partition-walls and flooring of a flre-proof nature 
for modem building. The manufacture of hollow blocks is really 
very old, but it was only during the last century that extended 
use was made of this valuable form of architectural work. 

“ Perforated bricks ” have a series of small holes transversely 
through them, these holes being not more than | in. diameter. 

“ Hollow blocks ” have much larger holes running through 
them. The hollows or “ tubes ” may run either lengthwise or 
transversely through the blocks, the former being the more usual 
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(figs. 252 and 253), and the exterior of the blocks can be of any shape 
which can be produced from a mouthpiece connected to a pug- 
mill or similar press. Thus, for fire-proof flooring the blocks ate 
‘ often somewhat bent, so that when put together they have a 
distinct “camber.” Such blocks are in great demand in con¬ 
nexion with various systems of “ reinforcing ”. 

The shape of the hollows is a matter of some importance to 
the block manufacture, as it is far easier to produce circular or 
elliptical ones than those of square or angular section, as the latter 
require more power and the cores must be frequently renewed 
as they wear rapidly. The shape of the ends of these cores 
determines that of the hollows, but the cores must usually taper 
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towards the back of the mouthpiece (fig. 264) in order that the 





clay may not be strained and cracked as it issues from the 
machine. 

Hollow blocks with closed ends may be made by using hollow 

cores which can be closed inter- 
inittent'y by mechanically oper¬ 
ated sltfitters. - The resulting 
clay-band then, consists of a 
series of alternating solid and 
hollow portions, the lengths of 
each depending on the time the 
shutters remain closed. The 
clay-band is then cut, by wires, 
into separate blocks. 



Fio. 254.—Back of monthpieoe. 


Radial bricks are used for chimney construction and are 
frequently perforated. They are best 
made thicker than ordinary bricks, 
the cutting wires being placed 3^ in. 
apart, as this saves labour in brick¬ 
laying and, by reducing the number 
of joints, it increases the strength of 
the chimney. Perforated bricks are 
preferable to solid ones in chimney 
building, as the workman can place 
his fingers in the perforations if these are large, and can thus • 
use wider bricks than could otherwise be employed* Hollow 
and perforated bricks are also poorer conductors of heat than 
are solid ones, and this is a further advantage. 

For each change in the diameter of the chimney a fresh mouth¬ 
piece will be required, as the fitting of temporary liners has 
seldom proved satisfactory. 

Both perforated and hollow bricks are valued on account of 
their lightness, but to a small extent they are made in order to. 
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save material. Their lightness compared with solid bricks efiects 
a great saving in freightage charges, and enables floors, ceilings, 
and partition walls to be erected in places where solid blocks would 
be too heavy. Some Continental brickmakers prefer to use 
perforated bricks for glazing and facing work, because, unlike 
solid bricks, they are not lifted by hand from the press, but are 
received on a “ fork,” the prongs of which engage in the per¬ 
foration, so that there is little or no dangew of the faces of the 
bricks being damaged. 

From a technical point of view, hollow bricks have the advan¬ 
tage of drying more rapidly and thoroughly and of requiring less 
fuel for burning. • On the other hand, trifling defects in a solid 
brick become more easily visible in a hollow one, <and errors in 
the adjustment of a machine which would pass unnoticed when 
solid bricks are being.made, require prompt attention when 
hollow bricks are produced. 

Perforated bricks are usually made by fixing bars the size of 
the perforations in the mouthpiece of the pug-mill, so as to form 
a series of cores, or in the lower part of the die when the semi¬ 
dry or dry-dust process is used. 

Hollow blocks are frequently madei from a mixture of clay 
and sawdust; the latter burns out in the kiln and ])roduce8 a 
much lighter material than would otherwise he the case. This 
material has also an advantage in that it enables nails and screws 
to be driven into it, a property much appreciated by housewives. 
The proportion of sawdust which may be used depends to some 
extent on the plasticity of the clay employt'd. liut it seldom ex¬ 
ceeds one-quarter of the weight of clay. 

Coal and peat are sometimes used instead of sawdust, but 
the former is not to he recommended as it is liable to cause 
over-heating of the material in the kilns. 

Hollow bricks are made almost exclusively by the plastic or 
stifi-plastic process in a pug-mill with mouthpiece (p. 108) when 
large numbers are needed. When only a few are required, and 
for omarftental patterns, plaster moulds are used. 

The clay is mixed into a paste in a pug-mill and forced 
through a mouthpiece (p. 113) provided with one or more cores. 
The clay-band produced is then cut into suitable lengths on a 
cutting table, and these are set on a warm floor or on shelves to dry. 

In making hollow blocks, the clay must be very thoroughly 
mixed, as if of uneven composition the paste will crack or tear 
on issuing from the mouthpiece or on diying. For this reason 
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they are frequently made in a machine separated from the pug- 
mill or mixer, the clay being forced through the mouthpiece by 
means of a plunger. 

For some of the larger blocks plunger machines or “ stupids ” 
are employed. These are of various types, but, unlike the ordin¬ 
ary pug-mill with a mouthpiece,’they do not work continu¬ 
ously, though by using two plungers an almost continuous 
output can be obtainad., A typical machine of this kind is shown 
in fig. 255. It consists of a case or charging box containing the 
clay paste, and a plunger which is forced forward by steam pres¬ 
sure which acts <lirectly on tne end of it, the steam entering 
through a 2 in. pipe into the cylinder at one end of the machine, 
the amount of steam admitted being eontioUed by a hand lever 
at the mouthxiiece end. As the plun,';er travels forward under 
the pressure of the steam it pushes the clay before it and forces 
it through the mouthpiece. Tlie pressure exerted may be much 
greater than that obtained with an auger machine or pug-mill, 
and as there is no possibility of the clay working backwards (as 
when knives are used) such a machine is well adapted for use 
where very large hollow blocks are made. Many brickmakers 
find such a machine useful for all kinds of “ odd work ” such as 
copings, invert blocks, and various sjiecial or ornamental bricks, 
ilrain-pipes, etc. 

The machine shown in fig. 256 is driven by band instead of 
steam power, and is, therefore, convenient in many works. The 
lid of the clay box is fitted with weights and chains so that it 
can be readily lifted, and the fastenings are simple and strong. 
A cutting-table is placed in front of the mouthpiece of the 
machine, when in use, but is not shown in the illustration. 

Suggestions reg.arding the construction and use of mouth¬ 
pieces will be found in the section on the wire-cut process 
(pp. 108, 129), but the insertion of one or more metal cores (to 
form the hollow) makes additional precautions necessary. 

In the first place, the cores must be exactly central or the 
walls will be cracked or torn as the clay issues from the machine, 
and they must be tapered away from the front of the mouth¬ 
piece so that the clay may become steadily more compressed in its 
passage through the mouthpiece. In order that these conditions 
may be fulfilled the cores must be attached to a metal “ bow 
or frame at the back of the mouthpiece, this frame being slotted 
so that the cores may be moved vertically and horizontally as 
shown in fig. 254, which shows two cores fixed ready for use. The 
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framework and cores must be very strong as the pressure of the 
clay on them is very great, and unless they are suflaciently well * 
built, they will be bent by the day paste in its passage. 

Hollow and perforated bricks and blocks are burned in the 
usual manner, though they must usually be heated very carefully 
during the earlier stages up to a bright red heat, particularly 
when sawdust and other combustible material is mixed with the 
clay. . Unless this material is allowed to bum out slowly with a 
sufficient amount of^aif to oxidize it, yet not enough to cause over¬ 
heating, the bricks will be discoloured and irregularly burnt. 



Fio. 266.—Hand-driven mnning-ont machine. 


It is a curious fact that many- hollow blocks have a crushing 
strength quite equal to that of solid blocks of the same size. It 
has been suggested that this is due to the much more thorough 
mixing of the material which is necessary when hollow blocks are 
made, and to the custom of burning hollow blocks more thoroughly 
than ordinary bricks. , 

When laid in cement mortar and “ reinforced,” hollow blocks 
form one of the strongest forms of building material at present 
known. 

Glazed hollow blocks or tubes of a shape similar to that 
shown in fig. 252 are much used as conduits for electrical pur¬ 
poses. They partake more of the nature of pottery than of 
bricks, and so are beyond the scope of the present work. 

27 
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MOULDED AND ORNAMENTAL BRICKS 

Ornamental slabs and bricks are generally made by hand, unless 
the nature of the otnamentation permits them to be made by the 
wire-cut process. For very simple designs, metal-lined moulds 
may be used, but for more oniato work piaster moulds—sometimes 
in several pieces—must be used. 

A brick of the requireTl design is first carved in plastic clay a 
little larger than the size of the finished brick, so as to allow for 
contraction in drying and firing. This “model’’must be very 
carefully and accurately made, as any defects in it will be repro¬ 
duced in future bricks. As soon as the modeller has completed 
his work the mould-maker places it on a board and brushes it 
over with a solution of soft soap in water to which a little tallow 
has been added, the boards being very similarly treated. He 
next places several boards or a piece of linoleum around the 
model, carefully stopping up any holes with clay paste, so that a 
case is formed into which the liquid plaster can be poured with¬ 
out any leaking away. Plenty of clay paste should be used, as a 
leak is very troublesome, and, for added strength, the boards or 
frame used should be fastened together with nails or cord. 

The inside of the case is brushed over with soap solution, and 
the mould-maker next mixes a quantity of “superfine ” plaster 
of Paris with water in a bucket, so as to obtain a thick slip, and 
stirs this well with his hands, so as to mix it thoroughly. The 
amount of plaster needed must be judged by experience, the 
beginner jyill not go far wrong if he half fills a bucket with water 
and sprinkles the plaster rapidly into it until it no longer sinks 
into the water, but the proper proportions can only be ascertained 
by trial. 

The plaster-slurry must be worked with the hands until it is 
free from lumps and is of a smooth, creamy consistency; it is 
then poured slowly and steadily into the case by an assistant, 
whilst the motild-maker uses one or both hands to stir it slightly, 

(418) 
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and prevent air-bubbles forming between the model and the 
plaster. Sufficient plaster must be poured in to cover the model 
to the depth of about 2 in. or 3 in. The whole is now left until 
the plaster has set, after which the casing is removed, the 
plaster mould turned upside-down and the clay cut out with a 
knife or tom out with the fingers, great care being taken not to 
damage the mould. Sometimes the model will drop out whilst 
the mould is being turned, but if it does not do so it must be 
cut out. The mould fs then set aside to dry and harden before 
it is used. When complex designs are required, it may be 
necessary to make the mould in several pieces. 

To reproduce bricks in siicl^a uumld, it is l^aid on a bench and 
a piece of clay paste thrown into it with considerable force and 
pressed well into the crevices of the mould. More paste is thrown 
in and pressed in until the mould is full. Any excess of clay 
is removed by drawing a strike or a 'stretched wire across the 
face of the mould, the clay being then smoothed (if necessary) 
with a large, flexible-bladed knife. The mould with its contents 
is then set aside until the clay is sufficiently dry for it to be 
turned out of the mould. If the mould is properly made and 
filled, the bricks should not recpiire any further finishing, but it 
will often be found necessary to “touch them u|i” slightly with 
a modelling tool before setting them, aside to dry completely. 
When very large blocks are made in this way, the drying re- 
([uires much time and care, but ordinary sized bricks offer but 
little difficulty in this connexion. Tlie burning may be carried 
out in any ordinary kiln, but as the colour of oraamental bricks 
is usually important, they should bo so placed in the kiln as not 
to be discoloured by dust or flame. 

Glazed blocks and slabs for fire-places are usually made in 
this manner from fire-clay or shale. The glaze used should, pre¬ 
ferably, be hard-fired to prevent crazing, but as few firms have 
been able to create a sufficient variety of colours with hard firing, 
“ majolica ” or low temperature glazes are commonly employed. 
A description of this class of glazed ware to be compjete would, 
alone, require a large volume. 



CHAPTER XrV. 


DRYING RAW CLAY. 


It not infrequently happens during the winter months that the 
clay obtained is so ^f^et that it cannOt be properly treated by plant 
which is primarily designed for dry materials. In such a case, 
some means of drying the clay is necessary, and it will often be 
found that materials which are difficult to grind when in a plastic 
or sticky state will be greatly improved by being dried before 
treatment in the rpiUs. 

When ample time can be spared for the drying, or when it is 

the practice of the firm to 
gather dry clay and store it 
under cover, the arrange¬ 
ment shown in fig. 257 will 
be found satisfactory. This 
kind of shed, constructed 
of Venetian shutters and 
chequered brickwork with 
a light roof, is readily and 
cheaply built, and will keep 
clay dry, or dry it slowly, 
at a trifling cost. The 
author has seen several 
sheds of this kind in active 
use, and in Germany, 
where the weather is warmer than it is in this country, it is all 
that is required in many yards. No heating arrangement is used, 
but every effort is made to allow access of air and to keep out the 
rain; consequently, on the most exposed side weather-boards 
are used instead of the open brickwork. 

When a heated dryer is needed for the clay, two distinct forms 
are available, viz. the hot floor and the cylindrical or tubular 
dryer; the latter being usually the most economical. 

A hot-floor dryer for raw material consists of a shed, the floor 
(420) 



Fia. 267.—Shed for drying clay. 
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of which is built over flues heated by fires or steam. Steam- 
heated floors have the advantage that they cannot spoil the 
material on them; but they are slow in action and fire-heated- 
dryers are therefore more generally used. 

The material is taken to the hot floor in wagons which run on 
a track down each side of the shed. The material to be dried 
is then tipped on to the floor and spread about with rakes 
or shovels. The p()rj^on on which the material is dried is pre¬ 
ferably covered with iron plates which fit over the flues. Two 
or more flues may be used, each being about a yard in width and 
depth, with suflficient solid ground between to allow a wagon of clay 
to travel over it. The flues are heated by fires placed at one end 
of the shed, a transverse connected flue at the other end being 
connected to a chimney to produce tlje necessary draught. The 
fires should be arranged so that an anjple supply of cold air can 
be admitted if required, in order that the temperature of the 
clay may not be excessive. To avoid undue risk of excessive 
heat, the first 3 yds. of each flue may be covered with brick- 
ivork instead of the iron plates used for the remaining portion of 
the flue. It is essential that the flues should be sufficiently long 
to utilize the heat from the fuel efficiently; 70 ft. is a suitable 
length for most clays. 

Whilst drying, the clay should be turned over and moved about 
sccasionally, and the roof of the shed must be well ventilated so 
as to carry off the steam. Clay which is almost dry should be 
kept away from the fire end of the flues. 

Though simple in construction, floor dryers are far from 
economical, and tunnel dryers are, therefore, preferable. The 
latter are, indeed, the most suitable of all if the clay is to be 
dried in blocks or “ baUs ”. A typical dryer of this type, in 
addition to those described in a previous chapter (p. 161) is 
shown in fig. 258, and is equally suitable for drying bricks. The 
slay blocks or balls are placed on cars fitted with shelves, and 
travel slowly through the tunnel. The air enters the heater {H) 
and is forced into the tunnel by the fan (7) so that iff travels in 
the opposite direction to the clay, as shown by the arrows. 

Such a dryer is especiaUy convenient where the clay must be 
dried with “ pure air,” on accoimt of its colour being spoiled by 
5re-gases. 

In tubular dryers, the clay passes down through a hollow 
metal cylinder (fig. 259) placed at an angle, hot gases passing 
\long it at the same time. If the clay is very sensitive it may 
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be necessary to keep it out of contact with these gases by using 
pure air heated in a recuperator, or by surrounding the tube by 
another and passing the hot gases between them. To facilitate 
the drying the tube is usually made to revolve slowly, baffle plates 



being fixed in its inside to prevent the clay passing out too 
rapidly. Instead of hot air or fire gases, steam may be used, 
but only for small outputs, though a level cylinder fitted with 
steam-pipes and a spiral worm conveyer will often be found to 
be f4r more satasfactory than a fire-heated dryer of this typp. 
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Moeller and Pfeiffer’s clay-drying drum is shown in section m 
fig. 260, the drum {h) being rotated by gearing not shown, whilst 
the clay enters through the hopper {g), and air heated by the 
products of combustion from the fuel on the bars if) is delivered 
from a fan (e) which draws it from the farther end of the drum, 
and so uses part of it repeatedly, the remainder escaping through 
the chimney (p). 

A good rotary jlr^er is somewhat costly to instal, but, if suf¬ 
ficiently long to utilize the heat properly, it will soon repay for 
itself in cases where it is required. Large lumps should, if 
possible, be broken up, as they dry very slowly and irregularly, and 
the greatest output is secured by feeding regularly and only small 
pieces. 

Where exceedingly largo quantities bl' clay have to be dried a 



special form of shaft kiln may be used; such “tower-dryers” 
are, however, seldom used by British brickmakors. 

If the material contains leas than !> per cent of moisture 
on leaving the dryer it will be satisfactory ; there is no need to 
dry it completely and there is a considerable risk involved in 
doing so. Care is necessary to prevent any part of the clay 
from becoming over-heated and so losing its plasticity. 

It is generally understood that 100° C. is the maximum 
temperature permissible in drying clay, but Bleininger has found 
that highly plastic clays kept at 200° C. for some time become less 
sticky and are far easier to work. This super-drying is of great 
importance with surface clays and with materials similar to 
“ London clay ”. 





CHArtER XV. 

SOURCES OF DIFFICULTY AND LOSS. 

The difficulties aud losses met with in the manufacture of bricks 
are numerous and waried, yet they may be traced to four main 
sources; (a) improper materials or site; (6) unsuitable methods 
of manufacture; (c) lack of capital, and (d) defective accounting. 
Any one of these may be, sufficient to wreck an otherwise satis¬ 
factory business, and it is, therefore, useless to suggest that one 
is more important-than the rest. 

Improper materials or site. Under this term may be included all 
those errors of judgment which have resulted in the establish¬ 
ment of brickworks too far removed from good markets, or on 
land which can, at best, produce only an inferior quality of bricks. 

Brick manufacturers are particularly prone to erect works 
without any regard to the position of the railway or of the market 
to be supplied, and the author is acquainted with a number of 
instances where a small knowledge of geology would have saved 
the firms concerned many hundreds of pounds per annum in 
cartage alone. Not having this knowledge, works have been 
erected at one part of a clay deposit at some distance from the 
road or railway, whereas the same deposit extends close to the 
railway line. Instances of works constructed on unsuitable sites 
are far more common than is usually supposed, and the average 
brickmaker would be wise to obtain independent and expert 
advice before completing the purchase of land or works, particu¬ 
larly when new works are to be erected. 

There ace many clay beds which are notoriously difficult to 
work, and from which the inexperienced brickmaker should be 
warned, did he but accept impartial advice before it is too late. 

Two of the best known deposits which are responsible for 
many “ failures ” are the “ London clay ” and the various “ drifts ’’ 
or “ boulder clays ’’ which occur in Lancashire and several other 
counties. 

The first of these is treacherous because it is strong and sticky 
(424) 
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■without being truly plastic, and is of such an inferior nature that 
it .can n^ver be used alone for good work. The second piaterial 
is so variable, in its composition as to require constant care on 
the p^ of some capable and responsible person, 'Or material of 
a nature quite unsuitable for brickpiaking, and yet not easily 
distinguished from clay, may be s^nt to the mills and cause a 
serious amount of damage. Boulder-clay is used successfully 
by many careful m^iufacturers for the production of common 
bricks, but they are ever on the alert to prevent unsuitable 
material being dug and used. Were a bed of boulder-clay to be 
worked by steam navvies (as the Peterborough clay), the irregular 
composition of the material woilld bring about the financial ruin 
-of the manufacturer unless the deposit was' unusually “ clean ”. 

Other clays, in other districts, must aWbe carefully studied if 
satisfactory results are to be obtained, end those sites carefuUy 
avoided where the clay is of an unsuital^ie character. 

The value of a clay bed can only be ascertained as the result of 
extensive tests, involving the use of at least several hundred¬ 
weights of material. Opinions based on the examination of a few 
ounces of clay may be accurate, or otherwise, according as the 
sample truly represents the whole bed, or is only equivalent to the 
worse or better portions of it. 

Imperfect testsloften lead to serious trouble for all concerned, 
und the opinion of a foreman or of a public analyst should never 
be accepted as sufficient, unless confirmed by tests on a relatively 
large scale. Even the opinion expressed by a specialist in clay¬ 
working may be erroneous if he is not placed in full possession of 
the facts, though he is, by virtue of his special knowledge, less 
liable to serious error than are others who give an opinion based 
on a more limited experience. 

Unsuitable methods of working are an exceedingly common 
source of difficulty and loss. Many brick manufacturers are led 
to put down plant withoxit due consideration of the character¬ 
istics of their clay, and later are tempted to replace it by other 
plant equally unsuitable. In one case known to the author, a 
firm purchased no less than four different sets of machinery, 
each by different makers, and were contemplating experiments 
with a fifth when they were persuaded to take independent 
advice and to utilize various pieces of machinery in their pos¬ 
session. The difficulty in this instance lay in the peculiar 
nature of the material; but instances of grinding-mills or brick- 
making^machines being replaced by those of other makers, for 
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reasons whicli are quite insufficient and only show the ignorance 
of those concerned, are by no means uncommon. 

Erroneous methods of working can only be put right by those 
having sufficient knowledge of the clay used, and are so situated 
as to be able to give impartial advice. A machinery maker is 
obviously not in this position, and it is only in the employment 
of an expert who, it is known, never accepts commissions or other 
“ remuneration ” from the sellers of particular machines or kilns, 
that a reliable means of overcoming the ^ifficultycan be obtained. 

UnfortunUtely, the average briekmaker is fond of asking advice 
of all and sundry without placing the information so received at 
its proper value. He is, therefore, often in the unpleasant 
position of having paid an excessive price for a simple piece of 
plant (such as a riddle) or of having purchased a machine which 
he learns, later, is quite unsuited to his needs. Either position 
is regrettable, but can only be avoided by using the means sug¬ 
gested, and, to a certain extent, by independent study of the 
subject. 

Lack of capital is stated to be the cause of three-quarters of 
the failures of various brickmaking firms. Whilst it is not im¬ 
possible that some of these business failures are really traceable 
to other sources, the fact remains that it is generally risky 
to start without sufficient capital to pay for all the plant and to 
keep the place going for at least six months, and preferably for 
a year, without any bricks being sold during that time. In 
some branches of brickmaking a larger capital is desirable. It 
is not always necessary that this large capital should be invested 
in the business, but it must ,l)e available in time of need if the 
firm is to be reasonably safe from premature stoppage and failure. 

The fact that some years ago certain well-known brickmakers 
started with but a few hundred pounds and proved highly suc¬ 
cessful is not a sufficient reason for repeating the experiment 
at the present time, except in those places which are growing 
rapidly and competition is not likely to bo felt for some years ta 
come. A large number of such places exist on the outskirts of 
some of our smaller towns and near some of the larger ones, but 
great circumspection is needed before commencing work under 
such conditions. 

Special care is necessary in the purchase of old works, as there- 
are many of these in existence which ought never to have been 
erected, and a large number of others for the sale of whose, 
goods no market exists. Such works are dear at any price, and 
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whilst “ bargains ” may occasionally be obtained, they are dis-^ 
tinctly rare, and should only be purchased after reliable and 
full information has been obtained. ' It is never easy to ascertain 
the true cause of the failure of the previous occupier, but unless 
this can be satisfactorily explained the yard may prove anything 
but a source of profit. The services of a specialist having a 
previous knowledge of the works in question are often valuable. 

In any case ample .capital—either direct or in the form of 
reliable credit—should be available before a brickworks is started 
or purchased. " 

Defective accounting prevents many brick manufacturers from 
realizing their true position as soon as they should do, yet this 
disadvantage is comparatively easy to overcome. 

As ordinarily carried out in small or ■ai'>dium-sized yards the 
manufacture of bricks requires the simjjJ‘'st form of book-keep¬ 
ing, yet many manufacturers fail to keep even this necessary 
minimum in a proper manner, with the result that when trade 
falls slack they are compelled to make special arrangements 
with their creditors, and to suffer discomforts which might have 
been avoided had they known earlier the results of their work. 

It is essential that the proprietor, manager, or lessee of any 
brickyard should know how much his bricks are costing per 1000 
from week to week. To wait until the end of the year is in 
many cases to postpone the consideration of the subject until it 
is too late. 

Each week, therefore, a summary should be prepared showing 
the following:— 

Stock —Brought forward, made, sold, rubbish, in hand. 

Accounts—Owing, receivable. 

Cash —Brought forward, received, paid, in hand. 

This account should further be divided so as to show the 
main items of expenditure under the following heads: wages 
for manufacture, wages for repairs and other work, cost of repairs 
and renewals, cost of fuel, cost of oil and other supplies, other 
expenses (detailed). 

From the foregoing should be calculated the figures per 1000 
bricks as follows: (a) labour (including foreman) for manufac¬ 
ture; (6) fuel; (c) non-productive labour, and materials for 
manufacture, alterations and repairs; (d) oil and other supplies ; 
(e) rent and royalty, or equivalent, and taxes, depreciation and 
office expenses; (/) exceptional expenses; (g) average net selling 
price. ^ 
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'fhis summary should be studied week by week with a vier 
to iRcreasiug the profit to be realized from the works, and care 
ful comparison should be made of the different summaries. Ii 
some instances, more detailed statements are desirable (e.g. thi 
number of bricks set in and drawn off from each kiln), but thosi 
mentioned are suflSicient for an ordinary yard. 

Certain figures will have to be averaged as they are paid fo 
at long intervals, but with care this need/)ccasion no difiBculty 
and little or no inaccuracy. 

In making these comparisons from time to time it is essen 
tial that a broad-minded policy should be adopted, or the amoun 
set aside for depreciation must be increased. Thus it is foolisl 
to reduce the expenditure on repairs and renewals below a suit 
able limit, as this would result in the production of an inferio 
brick for which a lower price would be obtained, or the wear am 
tear of the machinery would involve a relatively greater expens* 
later. 

When a yard is sufficiently large to justify the expense it i 
far better to have the whole stock and plant valued by an inde 
pendent valuer of established reputation in this class of work 
than to adopt the customary plan of writing off 5 or 10 per cen 
each year for depreciation. 

It is also important that the sums so set aside should bi 
kept quite distinct from the business and should be invested ii 
other securities. Otherwise it may again be found, as has hap 
pened on many previous occasions, that the “ reserve fund ” ha 
no real value, as it has aU been absorbed by the losses of the firm 
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Abrasion, 370,376, 377 
Absorbent bricks, 13 
Absorption. 371 
Accidental blows, 377 
Accounting, defective, 427 
Accrington, 5, 9,14, 212 
Accumulators, 259 
Acid-proof bricks, 372 
Adams, A., 194, 221 
Advice, necessity of impartial, 426 
Aerial ropeways, 36 
“ Aero ” dryer, 164 
Air, 266, 269, 270 

— bricks, 17, frontispiece 

— heat-carrying power of, 168 

— heater for dryer, 163 

— in dryers, 163,166 

— in drying, 175 

— flue, 250 

— for blue bricks, 369 

— for combustion, 253, 359 

— insufficient, 340 

— leaks, 303 

— supply, 342, 344, 348, 349 
Alkalies, 377, 391 
Alumina, 6, 378 
Analysis, 378 

Anglo-American machine, 73 

Annealing, 298 

Arch, longitudinal, 299 

— brick or wedge, frontispiece 

— bricks, 316 

— flues, 274 
Arches, 316 

— flattened, 316 

— pointed, 316 

— strength of, 316 

— transverse, 299 

“ Arohless ” kiln, 294, 333 
Arrises, 12, 231, 232, 239, 241, 339 
Artificial dryers, 154 
Ashby, 373, 374 
Ashes, 10, 43 
Auger machines, 108 
Automatic feeding, 383 


B 

fack-thnist, 110 

— pressure. 114, VU 
Badly-shaped bricks, 114 
Baffle plates, 193, 194 

Bags, 249,,C5J, to, 254, 269, 818 
Bagshot, 1o, 'J8, 40 
Baked brclfc, M7, 338, 846 
Baking, 337 
Ball-clay, 407, 409 
Bar tests, 343, 859, 365 
“ Bargains,” 427, 

Barnett & Hadlington, 268, 300 
Barringer, 836 

Barrows, 38, 54, 210, 215, 236, 400 

Barton mould, 55 

Barytes, 402 

Basic bricks, 393 

Bath bricks, 14, 838 

Bats, 17 

Bauxite, 378, 381,893 

— bricks, 894 
Bearings, 105 
Bechtel dryers, 214, 216 

— barrow, 215 
Bed-clay, 2 

Belgain kiln, 267, 300, 359 
Belt, 176, 212, 216 

— conveyor, 220 

— elevator, 191 
Bennett <fc Sayer, 108,138 
Berkshire, 9 

" Beat front ” bricks, 125 
Beyer’s damper, 

Binding clays, 371, _ 30, 382 

— material, 382 
Black, 340 

— bricks, 12 

— core, 840 

— -ended bricks, 358 

— glazed bricks, 403 
Blackman Ventilating Co., 163,165 
Blades, 104, 105, 106 (see “ Knives 

110, 111, 328 
Blake, Marsden, 181 
Blasting, 20 
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Bleiohert, A., & Oo., 36, 38 
Bleininger, 175,133 
Blister, 411 
Blistered bricks, 111 
Blooks, 373, 887, 388 

— ^fr&oton, 3^ 

— for feed-boles, 81G 
“ Blowing,” 9, 28 

— air, 8MI 

” Blown,” 841 
Blows, 377 

Blue bricks, 12, 268, 300,345, 346, 368, 
369 

— glazed briok^ 403 

— colour, 368 
Bluish bricks, 344 
Blunger, 404 

Book, 294, 302, 308 • 

Body and bodies, 399, 403 

— dipping, 401 

Body materials, 403, 405 

— dip, 408 
Bodying, 401 
Bohn’s clay cleaner, 24 
Bolts, 328 

Bond for bricks, 311 
Book-keeping, defective, 427 
Boulder-clays, 2, 4, 102, 179, 424, 425 
Bovey Heathfield, 4 . 

Box moulds, 55 
Bracknell, W., 54 

Bradley k Craven, 96,144,147, 201, 202 
Breaking, 366 
Breeze, 10,18, 66, 67 
Brick-earth, 1 

— oar, 172 

— conveyor, 213 

— counter, 211 

— kiln, 243 

— machinery, 68, 177, 240, 416 
Bricks (see also under adjectival head¬ 
ings)— 

— Accrington, 14 

— air, 17 

— arches, 316 

— badly-shaped, 114 

— baked, 337,346 
-- Bath, 14, 388 

— black, 12 

— blue, 12,345, 346, 368 

— brown, 12 

— bufl,328 

— “ catch fire,” 340 

— channel, 17 

— clamp, 16 

— clinker, 16 

— coarse, 232 

— coping, 17 

— cutters, 15 

— dust, 14 

— engineering, 16, 368 


Bricks, facing, 15,125, 209, 297 

— fire, 16, 41 

— Pletton, 14 

— floating, 16 

— general manufacture of, 20 

— glazed, 7,16, 836 

— grey, 12 

— hand-made, 41 

— hollow, 316 

— impervious, 289 

— malm, 17 

— marl, j.6 « 

— moulded, 335 

— paving, 16 

— perforated, frontwpiece, 125, 412,413 

— place, 17 

, — plastic, 15 

— plinth, 17 

— polished, 16 

— pressed, 15 

— purple, 346 

— red,9 

— rubbers, 15 

— sand-faced, 15 

— sand-moulded, 52 

— sandy (see “ Rubbers ”), 15 

— selection of, 311 

— semi dry, 14 

— semi-plastic, 14 

— setting, 254 

— slop-moulded, 15, 51 

— soft, 13 

— soft-ended, 232 

— spoiled, .347 

— stiff plastic, 15 

— stock, 17 

— Suffolk, 8 

— swelled, 841 

— tubular, 125 

— weak, 232 

— weak comers, 114 

— white, 8, 328 

— yellow, 9 
Bridgewater, 14 

” Brighten up ” the goods, 350 
Brigbtside Engineering Co,, Ltd., 27, 
47, 71, 88,1.34 
Briquettes, 396 
Brittleness, 391 

Brown, A. E., 44, 46, 57, 150, 163,168, 
109, 252, 262, 267, 276 
Brown bricks, 12 

— glazed bricks, 403 
Brushing, 401 

Buchanan, J., & Son, Ltd,, 72, 75, 92, 
93,100, 119,189,146,189,198 
Bucket elevators, 191 
Buckets, 191 
Buckley, 818 
BuS-colonred clay, 5 

— burning bricks, 328, 345 
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BaS-ooloured burning shale, 868 

Buhler's mill, 190 

Bilhrer, Jacob, 288, 293, 818, 342 

Building bricks, 3S0 

Built-up dies, 161 

BuU, 294 

Bnllnoses, 17 

Burnett, T., & Co., Ltd., 292 
Burning, 250, 306, 326, 387, 869 , 394 
406,410 

— firebricks, 876 

— rate ol, 288, 293 

— stages oi, 339 
“ Bumovers,” 66 

“ Burnt stufi,” 375, 380 
“ Burrs,” 18, 66 
Burton, 373 


C 

” Callow,” 220 
Cambridgeshire, 9 
Cam motion, 280, 232, 237 
Capital required, 426 
Caps lor feed-holes, 319 
Carbonaceous matter, 339, 343, 344 
Carrying off, 210 
Cars, 170, 302 
Cease firing, 3S0 
Chain haulage, 29 
elevator, 191 
Chalk, 9,19 

Chamber kilns, 276, 299 
Chambers, 317, 352 

— too few, 866 
Chamotte, 19, 380 
Changes of temperature, 367 
Channel bricks, 17, frontispiece 
Chart of kiln draught, 362 
Checking. 214 

— fire, 368 
Chimney bricks, 413 

— draught, 282 

— gases, 282 

Chimneys, 243, 246, 248, 251, 264, 281 
295, 320, 418 
China clays, 2 
Chip, 899 

Choice of bricks for kilns, 311 
Chrome ores, 895 

— bricks, 396 
Chromite, 373, 895 
Chromium oxide, 395 
Cironit of kiln, 352 
Circular kiln, 247, 248 
Clamp bricks, 16 

— kilns, 62, 218, 245, 322, 348 

— lor damper rod, 292 
Clapping, 68, 400 
Clay, 1, 369 


Clay, binding, 879, 380, 382 

— blasting, 20 

— boulder, 102 

— burning, 839 

— cleaners, 41 

— cleaning, 40 

— crushing, 41 

'— deposits by rivers, 3 

— deposited in a lake, 3 

— deposits, 3 

— digging, 20 

— drying, 420 

— exposure of, 22 

— fluviatile, 3 , 

— for hollow blocks, 414 

— hard, 100 

I— laoutjrine, 3 
— London, 3, 39 ’ 

— marine, 3 ' 

— mixing. 4i, 43 

— plastW i-S, 240 

— preparation of, 40 

— purifiers, 23, 24 

— red, 2 

— rock, 42 

— soft, 100 

— sticking, 199 

— sticky, 41, 98 

— strong, 10, 39,102, 129 

— substance, 2 

— tender, 154,159 

— tough, 104,125 

— value of, 426 

— weathering, 22 
Clayton, H., 26,119 
Cleaning clay, 40 
Clinker, 350, 359, 369 

— bricks, 16 
Clinkers, 66 
“Clot,” 177, 196, 226 
Clot-making machines, 197 
Coal in bricks, 346 

— burning,348 
Cod oil, 150 

“ Cog ” clot mould, 206 
Coke-heater, 166 

— -heated dryer, 159 
Cold air, .356, 364 

— -air valve, 274 

Collar lor brick-machine, 114 
Colloids, 288 

Colour, 213, 261, 302, 804,33*8, 344, 346, 
890, 399, 411 • 

Colour of bricks, 8 
Coloured bricks, 405 

— glazes, 403 
Colours, 403 
Colza oil, 150 
Combined water, 342 
Combustible matter, 343, 344 

— removal of, 339 
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OonbuBtion obubbeis, <S56 

— prodttota of, 282, 801 

— space, 831 
Oontmissions, 426 
Oompreesion, excessive, 886 
Ooacrete, 240 

Oondeosatian products, 2S1, 269, 851 
Condensable water, 843 
Conduction lasses, 288 
Cones, Seger, 350,851, 859, 363, 406 

— temperature equivalent, 361 
Conical runners, 189 
Connecting kiln, 249 

— chamber, 277s 

— flues, 300 

Continuous kiln, 62, 217, 243, 245, 261, 
268 , 282, 291, 294, 297, 817, 822, 
324, 829, 885, SOT 

— tunnel dryer, 161 
Contraction, 376, 377, 390 
Control, of temperature, 859 

— draught, 362 
Conveyor belt, 209 
Conveyors, 176, 213, 21§, 221 
Cool, 365, 389 

Cooling, 308, 865, 366, 392, 406, 411 

— chambers, 272 

Coping bricks, 17, frontispiece, 415 
“ Core cracks,” 1^ 

Core preventer, 204 
Cores, 840, 341, 344,412, 415 
Coring, 203 
Comer cracks, 121 
Corrugated rolls, 93, 94 
Cost, 427 
“ Counter,” 211 
Cracking, 168,175, 203, 390 
Cracks, 122, 124,153,170, 207,226, 341, 
866, 389 
Craddock, 31 
Crazing, 399, 419 
*' Crowding " barrow, 210 
Crown, 318 

— of kilns, 315 
Crozzles, 17 
Crucibles, clay, 48 
Crush, 365 

Crushing clay, (see “ Grinding ”) 

— resistance, SH 

— tests, 389 

— rolls, 76,79, 86 

— strength, 890,417 

Crystallize, 847 * 

Culm, 67 , 

Cumberltma, 6 
Curvature, 124 
Cutters, 11,15, 338 

Catting tables, 77, 78, 79, 80, 81, 82, 83, 
84,129 

— wires, 187 
Cylindrical clot, 196 


D 

Damp brloka,'eto., 300,864 

— material (screening), 195 
Damper holders, 292 

Dampers, 277, 292,297, 298, 820, 888, 
884, 861, 866, 409, 410 
Dannenberg's kiln, 273 
Dark colour, 846 
“ Daub," 245, 887 
Dead-burned magnesia, 894 
“ Dead sp*oea," 280, 866 
Dean, Hetherington & Co., 297, 394 
Defective filling, 203 

— accounting, 427 

Defects, 225, 834, 891, 897, 899 
•— in shape, 124 

Delicate clays, 274, 828, 343, 864, 856 
Dense clays, 846 
Density, 302, 346, 346, 871 
Deposits, 3, 266 
Depreciation, 428 
Derbyshire, 6 
Developing colour, 341 
Devonshire, 0,9,11, 373 

— fire-clays, 374 

Diamond stretcher, frontispiece 

Die-boxes, 151 

Dies, 114,126,151, 289, 400 

Diesener, 302 

Difficulties, 424 

Digging, 20, 21, 42 

Dmas, 7 

— bricks, 391 

Dip for salt glaze, 408 
Dipped, 400 
Dipped firebricks, 387 
Dipping, 401, 402,405, 408 
Dips, 409, 411 
Direct haulage, 29 
Discoloration, 269, 350 
Discolours, 266, 841 
Disintegrator, 72 
Dobson, E„ 63 

Dog tooth stretcher, fronti^iece 
" Don’ts ” for firemen, 864 
Door-gaps, 266, 266, 269 
Dorsetshire, 9 
Double-shafted mixers, 106 
Dowlais, 73, 93 
Down-draught, 264, 276 

— kilns, 217, 244, 248, 265, 327, 409 

— kilns, firing, 348,349 

— semi-continuous kiln, 262 
Down-take flue, 278 
Draining a kiln, 312, 313 

Draught, 281-8, 288, 312, 820, 829, 384, 
342, 366, 368, 362, 366 

— gauge, 351, 361 
Drawing, 366 
Drift clay, 841, 424 
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" Ozoa arahss,” 818, 83fl 
Dr^urt, 1T7 
ozickH, H 

«nd iUi, 886, 387 
'— ooi^soted to Min, 388 
Dryer, ohoioe of, 176 , 

— flopn, 167 

— iMle, 172 • 

— testing, 174 
Dryers, 66, 67,164, 161, 218, 389, 396, 

430 

Drying, 66, 164, 218, 388, 389, 889, 843, 
890 * * 

Drying firebricks, 876, 387 

— Min, 247, 428 

— mw clay, 430 

process, 240 

“ Dudley,” 868 ’ 

Dull gla,se, 406 

Dunnachie, James, 303, 304 

Durant’s kiln, 246 

Durham, 6, 374 

Dust process, 240 


E 

Biooentric represses, 144 
Economic ” moulds, 161 
Eddington moulding machine, 72 
Edge-runners, 94 

— -runner milis, 179,184, 88,3 
Electrical conduits, 417 
Electrical pyrometer, %1 
Elevating, 191 

“ Emperor ” press, 233 
Emptying, ,865 
End of Bring, 849 
Endless rope haulage, ,80 

— chain haulage, 36 
Engineering bricks, 16, 868 

“ English ” kiln, 276, 299, 300 
Enlarging kiln, 323 
Erroneous methods, 426 
Errors in kiln construction, 310 
Essex, 9 

"Excelsior” kiln, 289 
Excessive burning, 340 
Exhaust steam in drying, 157,168 
Expanding mould, 72 
Expansion, 366, 8'i7, 391 

— of clay, 124 
Expression attachment, 235 

— rolls, 78,124 

— roller machines, 124 


T 

Facing bricks, 16,126, 209, 297, 328,388 
-burning, 246 


]|laUurea,.4S4 

iM3, 288, 286, 106,287, m, 389, 
806, 821 

— for dryer, 170, W4,286 

— speed of, 286 

— sire of, 285 

— Sutclifle Ventilator a^ Drying <Jo.,< 

288 4. 

Fawcett, T. 0., Ltd.. 72; 78, 102, 127, 
129, 186, 148, 145,, 146, 184, 198, 
194, 198, 206, 211, 3l2, 238, 226, 
227, 228, 229 
Feed-holes, 816 
Feed-hole caps, 319 

— plate, 108 

— tray, 180 

Feeding appliances, 82-4,108,180,182 ■ 

Feins.,ntation, 365 

Fine grinding, 185 

Fingers lor hning, 282 

Finish of hlkig, 349, 388 

Pinisl^Tf heat. 347 

— point. .347, 406 

— temperature, 839, 349, 888, 392, 896 
Fire blocks, 373 

Fire-boxes, 249, 250, 253, 266, 368, 800 
318. 348 

Fire-bricks, 16,41,43,244, 268,300, 304, 
308, 309, 389, 350, 878, 879 
Fire-brick lining, 294 
Fire-clay, 2, 6, 22, 86,841,870, 378, 897, 
407 

— working, 375 

— dampers, 277 

— blocks, 318 

— columns, 382 
Fire gases, 269, 887 

— -holes, 246, 249 

— pillars, 255 

— places, 261 

— proof dooring, 412,418 

— shafts, 882 

— travel, 341 (see “ Speed ”) 

— trough, 300 

Firing, 65, 260, 306, 806, 881, 887, 848, 
869, 376, 388, 394, 396, 406,410,417. 

— a clamp, 66,348 

— 6re-bricks, 876, 888 

— hollow blocks, 417 

— with gas, 306, 3(B 
First dip, 401, 408 

— stage of burning, 843 ® 

“ Five on two,” 8Sff 
Flashing, 346, 880*394, 410 
Flat grate, 253 
Flattened arches, 316 
Fletton, 14, 219, 267,.840 

— bricks, 14 

— knots 840 
Floating bricks, 16 
Floor of kiln, 264 


28 
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Floor dryer, 420 

— drying, 167 
Flues, 819 

— for hot air, 268 

— for steam, 279, 280 

— metal, 278 

— permanent, 278 

— temporary, 272 
Fluviatile clays, 8 
Footstep, 98,186 
Forced draught, 260 
Formation of clay, 2 
Foul clays, 10,48 
Foundation of kiln, 247, 312 

— water, 312 ' 

Four d tratwhes, 333 
Freshly-set bricks, 269 
Frit, 402,405 o 

Frog, frmtiapiece, 144,178 
Frost (see “Weathering”), 389 
Fuel, 66, 67, 250, 359 

— consumption, 264, 295, 348 
Full fire, 339, 846, 357, 865 . 
Full shaft, 332 

“ Fully-burned ” bricks, 338 
FusibiUty, 377, 379, 391 
Fusion, 847 


0 

Canister, 7, 378 

— bricks, 893 
Gartoosh, 7, 393 

Gas advantage, 304, 3W 

— causes of failure, 309 
Gas-fired kilns, 256, 308 

— continuous kilns, 303 

— tunnel kiln, 808 
Gas-producer, 250, 267, 803, 804, 309 
Gases admitted to chimney, 357 
Gault; 8, 40 

Gillet fire-box, 250 
Glacial clay, 841 (see " Drift ”) 

Glasgow, 6 

Glazed bricks, 7,16,336,397 

— blocks, 419 

— hollow blocks, 417 
Glaze materials, 402, 406 

— recipes, 398 

— trials, 406 

Glazes, 899, <102, 408, 404 
Glenboig, 303, 806, 878 
Gold-glazed bricks, 4t)3 
Granulate, 104 
Granulation, 232,237 
Granulator, 103 
Graphite, ^6 

Grates, 260, 268, 266, 260, 261, 264, 267, 
268, 276, 800, 848, 360, 856, 358 
Gravel, 23,40 


Green bricks, 898 
Green glazed bricks, 403 
Grey bricks, 12 
Grey stocks, 17 
Griessmann & Go., 112 
Grinding, 221, 383 

— clay, h, 83, 94,179,183, 221,883 

— grog, 383 

— mills, 88, 84, 94,179,183 
Grizzles, 17 

Grog, 18, 376,380, 388, 389 

— size of, 381 
“ Groke,” H3St' 

“ Guthrie,” 267,268, 300 


H 

I 

Hack drying, 60 

— ground, 56 
Hacks, ,56 

“ Haendle,” 182 
Haircracks, 12 
Half-gas firing, 260 
Half-moon stretcher, frontispiece 
Halifax, 374 

Halsband & Go,, 122,123 
Hampshire, 9 
Hand-brickmaking, 39 

— made bricks, 41,69 

— moulds, 39 

— moulding, 41 
Hard clays, 100 

— glaze, 399 

— material, 95 

— water, 19 
Hardness. 371 
Harrison, H., 294 
Haulage, 29,180 

Heart (see “Core”) 340, 341, 344 
Heat accumulators, 259 

— necessary to burn, 338 

— regeneration, 807 
Heizwandc, ,333 
Herv4, T., 115,119 
Hexagonal screen, 195 
Highly plastic clays, 104 
High temperature, 370 
Hoffmann kilns, 264, 291, 297, 858 
Hollowness, 124 

Hollow blocks, 836, 412 
-with closed ends, 413 

— bricks, frontispiece, 316, 412, 418 
Homogeneous, 42, 43,110, 124, 226 
Homogenization, 104 
Horizontal draught kilns, 244, 329 
Horsham Engineering Go., 48 

Hot air, 258, 269, 298,297, 298,301,306, 
307, 808, 844, 849, 852, 354 

-flues, 266, 268, 274 

-for combustion, 274, 276, 299,301 
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Hot floor, 167,160, 421 
Hughes, W. B., 214 
Hunter & Co.,’78,126 
Huiv^ firing, 346 
Hy A die balance, 207 


I 

Impervious brick, 239 
Improper materials, 424 

— site, 424 

Improved Hoffmann kiln#, 2*7 
Impurities, 22 

Incipient vitrification, 339, 347 
Inclined grates, 253 
Inferior fire-brioks, 389 
Instability of kilns, 310 
Intermittent kilns, 243, 256, 323 
Invert blocks, 415 
Irish fire-clays, 6 
Iron compounds, 340 

— dampers, 277 

— oxide, 344 

— reduced, 340 

— sulphide, 40H 
Irregularities, 199 
Isle of Wight, 4 
Isolation of kiln floor, 314 


J 

Jamb,/n))t/ispi«ce, 17 
Johnson* Sons, Ltd., 129,1.30, 132,208, 
223, 231 
Johnston, 198 

Jones * Sons, Ltd., 116,151 


K 

Kaolins, 2 
Kase, P., 390 

Keith J. & Blackman, Co., Ltd., 285 
Kibbling rolls, 93 
Kilmarnock, 6 
Kiln, cirouit of, .352 

— connected to dryer, 288 

— construction, 310 

— - dryer, 157 

— foundation, 312 

— selecting, 321 
—■ size of, 823 

— thermometer, 343 
Kiln-gases in tunnel dryer, 160 
Kiln-walls, 294 

Kilns, 61,176, 21.3, 217, 236, 243, 409 

— “ closing,” 360 

— conneotod, 249 

— drying, 342 


Kilns, enlarging, 325 

— for small output, 324 

— roof for, 295 

— too short, 324 

— with grates or troughs, 267 

— with two fires, 295, 800 
Klemp, Schultze * Co., 33 
Knee-joint presses, 147 
Knives, 103,105,110 
Knotts clay, 6 

Koppel, A., 170, 171,172, 178 


L 

• 

Lack of capital, 426 
Lacurtrine clays, 3 
Lakb deposited 4ays, 3, 4 
Laminated uouthpiece, 122 
Lamination, 125,148,197,236, 237,241, 
347 

Lanoasnirc, 9,12 
Lane, F.all2 
Lead compounds, 403 
Leakages, 247, 333, 364 
Leeds, 374 
Leicester, 6, 9 
Leighton Buzzard clay, 3 
Length of kiln, 324 
Light blocks, 414 

— coloured glazes, 411 
Lime, 5, 9,102, 377, 391, 397 

— milk, 391 

— sand, 240, 892 
Limestone, 23 
Limey clays, 101 
Lined dies, 119 
Liners, 199, 235 

Lining of mouthpiece, 121 
Loading clay, 21 
Loams, 10, 78,179 
Loamy, 10 

London clay, 3, 39, 423, 424 

— Brick Co., Ltd., 220, 221, 222, 224, 

276, 300 

— bricks, 62 

— stocks, 14,62 
" Loos,” 67 
Loose clays, 340 
Loss of shape, 347 
Losses, 424 

Lubrication, 60, 117, 122, J49,199, 208, 
241 

Tjumps, 87,180 


M. 

Machine moulding, 68 
Magnesia, 878, 891, 393 
— bricks, 394 
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Magsaala “Hiid,'' 395 


Magnesite, 391 

Uam and tidl haulag«, 30 

Majolioa gUues, 101 

Malm bricks, 17 

Malms aod maiming, 8,17, 93 

“ Manchester" kiln, 271, 280, 299, 868 

Maroasite, 5 

Marine olays, 6 

Marl lacing bricks, 15 

Marls, 8, 81,368 

Masonry, 294, 310, 811 

Matthews & Yates, 284 

Maximum temperature, 389, 390 

Maxted & Knott,'Ltd., 69, 70 

Measuring rod, 351 

— mould for bricks, 897 
Mechanical draught, 288, 289, 298 
Mendheim, 302, 301 

Metal dues, 273 
Methods, unsuitable, 425 
Midland fireKilays, 374 
Midland marls, 22, 267 
Midlands, 6,10, 40, 366, 378 
"Mild.” 10 
Milk of lime, 391 
Mill-feeder, 82,103,180,182 

— with conical runners, 189 

— with multiple runners, 191 

— with two stages, 190 

MiUs, 83, 84,94, 179,183, 221, 383 
Mining, 20 
Mixers, 82, 108, 227 
Mixing, 43,108, 885 

— clay, 11 

Moisture, 279, 301, 340, 343, 851 
“ Mteller & Pfeiffer,” 170, 423 
“ Monarch ” machine, 69 
Mond gas-producer, 260 
Mortar, 216, 812 
Moulded bricks, 3.35,118 
Moulding, 60, 419 
Mould-making, 118 

Moulds, 54,151,199, 203, 236, 239, 886, 
419 

Mouthpieces, 77,108,113, 413 
Muffle, 309 

— kilns, 309, 386 
Multiple roller machine, 127 

— runner wheel, 191 

" Murray ” machine, 126,126 


IT 

Natural draughts, 283 
Neath, 7 

Neutral firebricks, 395 
Newaygo screen, 194, 225 
Newcastle kiln, 217, 241, 265, 261, 331, 
337, 860 


“ New Era ” machine, 207 
“New Perfect" kiln, 293,863 
Newton Abbot, 1 
Nodules, 39 , 

Non-absorptiue power, 289, 876 
Norfolk, 9 
“Norris," 71', 72 
Northumberland, 7, 878 
Northumbrian fire-clays, 371 
North Wales, 6 
Nottinghamshire. 8 
Number of chambers, 362 
Nuneaton dilnf^neering Go., Ltd., 230 


0 

Oakland,43., 300 

Ochre, 408 

Oil, 160, 868 

Oily shale, 220, 267 

Old works, purchase of, 426 

Open base mill, 187,188 

— clays, 340 

— mixer, 108,110 

— mould, stiff plastic machine, 206 

— up,390 

Opinions, erroneous, 425 
Optical pyrometers, 361 
Organic matter, 340 
Ornamental bricks, 415, 418 
Osman, 3., & Co., Ltd., 289, 293, 353 
Output, 324 
Over-driven mills, 184 
“'Overworking," 385 
Oxford, 10 

— clays, 5 

Oxidation, 41, .311. 345,369, 377 
Oxide, ted, 844, 368, 877, 891, 895 
Oxidized, 340, .341, 345 
Oxidizing, 41, .369 
Oxley Bros., Ltd., 186 


P 

Pallet boards, 171 

“ Pan mills,” 95, 179,185 

Paper dampers, 277, 278, 366, 863,365 

Partial kiln, 323 

Partition, 276, 278 

— blocks, 412 

Paste, plastic, 104, 108,110 

Paving bricks, 16, 869 

Paviors, 370 

Peat, 414 

Pebbles, 23 

Peel off, 399, 402 

Perforated brick, frontinpiece, 12.5,-412, 
413 

— floor, 254 
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I’eiriui^ted pan mills, 181 

— aereea, 198 

— steel plate, 192 . 

Feimonent flues, 72, 278 
Psterboiough, 6,6,14, 219 
Piano-wire screens, 194, 221 
Picking, 87S 

Pillars " for fuel, 265, 266, 292, 381 
Pink glased bricks, 408 
Place bricks, 17, 66 
Placing (see “ Setting "), 826 
Ploiif brick, frontUpiece 
Plasterof Paris, 892, 402® * 

Plaster moulds, use of, 419 
Plastic bricks, 15, 288 

— clay, 15, 240 

— clays, super-diying, 423 ^ 

— moulding by macninery, 68 

— paste, 104,108,110 

— process, 68 

Plasticity, 1, 100, 238,240, 247, 379,886 

Platt Bros. * Co., Ltd., 282, 233, 284 

Plinth bricks, frmttiaputce, 17 

Pointed arches, 316 

Poker, 366 

Poker-test, 366 

Polished bricks, 16, 58 

Poole, 11 

Pores, 341,344, 847 
Porosity, 338, 890 
Porous, 888, 388, 397 
Portable stove, 271 
“ Post,” 378 

Power-driven presses, 142 
Precautions in cutting, 137 

— in firing, 348 
Pieliminaiy heating, 889 

— mixing, 112 
Preparation of clay, 40 
Press oil, 160,177, 225 
Pressed bricks, froniispiece, 16 
Presses, 60, 108, 140,177, 225, 232 

— hand-driven, 140 

— knee-joint, 147 

— portable, 140 

— power-driven, 142 

— sotew, 140,144 

— toggle-lever, 146 
Pressmg, 69, 399 

— in plaster moulds, 419 
Pressure, resistance to, 876, 877 
‘‘Price," 204 

Primary clays, 2, 3 
Products of combustion, 301 
Protection of goods, 336 
Pugging and pug-mills, 43, 69, 77-84, 
103,108 

“ Pullan & Mann," 77,144 
Pump, 20 

Purchase of old works, 426 
Purple bricks, 346 


Putrefaction, 42 
Pyramid tests, 859 
I^te8,6, 28, 846 
I^rometer. .361, 861 


R 

Backs, 171 

— for drying, 154 
Bodial bricks, 413 
Radiation losses, 283 
Bail-gauge, 171 
Bails, 171,178 

Bain, 389 ' 

— effect of, 312, 818, 821, 889 
Bain-water, 19 

— removal of, 812 
Bapid burning, 340 
Battler test, 870 
Baupach, B.. 131 

Rawdon .‘oundty Co., Ltd., 142 
RaymoinpA; Co., Ill 
Raynor, L., 164 
Reading, 4, 40 
Recorder, 211 
Recrystallisation, 847 
Rectangular down-draught kiln, 248, 
251 

Bed bricks, 9 

— glazed bricks, 403 

— heat, 848 

— marl, 12 

— oxide, 844, 368, 377, 891, 395 
Red-buming bricks, 346 

— burning shale, 868 

— clays, 10, 339, 340, 844, 868, 397 
Reducing, 345, 369, 877 

— comwunds, 345 

— conmtions, 368 

— piece, 114 

Reduction, 309,345, .368, 377 

Refractoriness, 390 

Refractory clay, 7 (see “ Fire-clay ”) 

— goods {see “ Fire-bricks ”), 309, 876, 

879 

Regeneration, 256, 301, 307, 346 
Regeneratively heated air, 301 
Kegeneraton, 256, 257, 259, 301, 807, 
345 

“ Beinforoed,” 417 
Reinforcing, 412 
Relined, 235 , 

Repairs and renewals expenditure, 428 
Repress, 69, 139,177, 208, 229, 236 
Repressing, 139,177, 208, 286 
“ Reserve fund," 428 
Resistance to abrasion, 876 

-accidental blows, 377 

-heat, 377 

— — high temperature, 376 
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Besistanae to oxidation, 377 

-proBiure, 376 

-reduction, 877 

-Biog and limestone, 396 

-sudden changes, 877 

-wear and tear, 377 

Betort olay, 43 
B«volvmg drum, 203, 422 

— screen, 195 

— table machine, 201 
Riddles, 181,192 

. Bing kiln, 291, 305 
Rise of temperature, 347 
Biver deposits, 3 
Bock clays, 5, 42^ 

Bolls, 80-84, 86, 124 
Boiler-bearings, 171 
Roof for kilns, 295, 321 

— water, 313 
Rope conveyor, 213 

— haulage, 29 
Rotary clay dryer, 422 
Bough bricks, 411 

— stocks, 17 

Bound kilns, 247, 248, 249 

— of kiln, 308, 352, 353 
Buabon, 9,11 
Rubbers, 11,15, 338 
Running-out machine, 417 


S 

Salt, 369 

— glazing, 308, 372 
Salt-dip, 408 
Salt-glazed bricks, 406 
Sand, 18, 40, 390, 391 

— -faced bricks, 15, 68 
-folds, 53 

— -lime bricks, 392 

— -moulding, % 

“ Sand-seal,” 820 
Sandstones, 391 
Sandy, 10,13 

Sanspareil machine, 225, 230 
Sawdust, 346, 414 
Scale-lined mouthpiece, 122 
Schmatolla, E., 257, 304 
Scholedeld, B., 205, 225, 230 
Scotch kilns, 245, 337 
Scotland, 6* 

Scott, 213, 216, 826. 

“ Score "kilns, 217,333 

Scrapers in mills, 187 

Screens, 176, 192, 221, 251, 875 

Screen-wall, 249 

Screw-presses, 140,144 

Scum, 213, 288, 256, 269, 351, 369, 411 

Sea-deposited clays, 3, 6 

Sealing chambers, ^8 


Secondary clays, 1, 3 
Seconds, 17 

Second stage of firing, 341,343,344,* 367 
Seger cones, 350, 351, 369, 406 
Selecting a kiln, 321 

-pug-mill, 110 

Selecting clays, 878 
Selection of bricks, 811, 398 

-materials for fire-brick, 878 

-plant, 85 

-stifi-plastic machines, 200 

Self-delivery wet-mill, 102 
Semi-couttnutius kiln, 62, 243, 244, 260, 
294 

“ Semi-dry” process, 177, 219 

— bricks, 14 
Semi-plastic process, 177 
*— bricks, 14 

Sercombe, W, H., 281, 292 
“ Set,” 150,153 
Setters, 364 

Setting, 213, 247, 264,266, 302, 826,387, 
405, 409 
Settling, 351 

— tanks, 26 
Seven Oaks, 3 
Shakes, 17 

Shales, 2, 5, 10, 84, 85, 179 , 220, 240, 
267, 300, 346, 370, 376, 382, 407 
“ Shank ” kilns, 324 
Shattering, 365 
Shed-dryer, 154 
Sheffield, 393 
Shell, 5 
Shovel, 38 

Shrinkage, 175,176, 351, 394, 395 

— rod, 343, 301 
Shropshire, 373 
Shuffs, 17 
Sieves, 192 
Silica, 6, 7, 390 

— bricks, 7, 390, 398 

— rocks, 373, 381, 391 
Silver glazed bricks, 403 

Single kilns, 243, 276,282,318,342, 348, 
366, 389 

— shaft mixers, 104 
Sintered magnesia, 394 
Site, 424 

Size of kiln, 323 

— of grog, 381 
Skeleton, 379 
“ Skerry,” 23 
Skintling, 59 
Slab-heater, 163,164,168 
Slabs, drying, 387 

Slag, 341,345 

— colour, 344 
Slate,6 

Sliding-die brick machine, 207 
Slinging, 43 
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Slop-moulded biioks, IS 
Slop-moulding, SO, 61 
Slots, ISS 

Slow-firing, 310, 368, SOS 
Slurry, 26 
Smith, G. T., 203 
Smoke, 2S0, 2S3 
Smoke-flue, 271 

Smoking, 217, 806, 821, 340, 353 
Smoky flame, 316 
Smooth rollers, 92 
Soaking, 42, 317, 863, 365, 

Soda, 102 
Sefir bricks, 13 

— clays, 100 
Soften, 313 
Softening clay, 317 
Soft end, 232 

— glase, 399 
Soil, IS, 23, 28 
Soiling, 28 
Sole, 336 

Souring, 42, 375, 888, 385 
Spades, 38 

Spalling, 225, 378, 391 
Specific gravity, 371 
Speed of burning or firing, 840,341,315, 
358, 308 

-pug mills, 112 

Spiral conveyors, 221 
“ Spitta,” 271 
Splitting, 378 
Spoiled bricks, 317 
Spot, 340 
Spy-holes, 861 
Squat,” 124 

Squints, frontispiece, 17 
Stable lirick, frontispiece, 368 
Staffordshire, 8,12, 81, 368 

— kiln, 274, 280, 297 
Stain, 328 

Stanley machine, 230,232 
Stationary screens, 192 
Steam, 279, 301, 343 

— as lubricant, 121 

— floor, 158 

— flues, 279, 280 

— heaters, 106 

— -heated dryer, 157 

— jet, 250 

— navvies, 220 

— removal of, 843, 851 

— vents, 857 
Steaming, 306, 339, 312 
Steatite, 210 
Stickiness, 210 
Sticking, 119,199, 210 

Sticky clays, 11,92,91, 98,119,199, 210, 
121 

“ Stlfi plastic” machines, 177,196 
-brieks, 15 


Stiff plastic ” process, 177 
Stocks, 17 

— London, 11 
Stone-breaker, 180 

— -crusher, 180 

Stones, 4, 28, 40, 76,78,89, 91,100,102, 
121 

Stoneware-clay, 372 
Stony clays, 91 
Stool pallets, 171 
Stop brick, frontispiece 
Storing, 389 
Stourbridge, 6, 378 

— fire-clays, 871 « 

Stoves, 269, 270, 279, 336, 342, 865 
Stoviug, 276, 839, 340, 342 
Streaks, 101 
Strengtnening kilh, 252 
String course hiicka, frontispiece 
Strong clays, 10, 39, 81, 102,129, 340, 
421 

Structur-^ I.jO, 153 
Stull, '1,123 
“Stupids,” 416 

Sturtevant Engineering Co., Ltd., 288 
Suteoil water, 313 
Sudden changes, 377, 890 
Suffolk, 9 
Sulphur, 29, 111 
- compounds, 346 
Super-drying, 123 

— -heater, 250 
Supplementary fires, 251, 251 
Surface clays, 2,10,10 

— water, 19 

Sutcliffe, Speakman & Co., Ltd., 89,97, 
146, 118, 161, 203, 207, 233, 234 
Sutcliffe Ventilating Go., 161,165,122 
Swelling, 311,317, 411 
Swinney Bros., 113, 125, 127, 185 


T 

Tam. forth, 11 
Ttu-i; bricks, 316 
—* cuthpiecc, 121 
Taft. 168 

Teip'; valley, 6, 371 
Temperature, control of, 859 

— high, 376 

— in blue brick burning, 369 

— maximum, 839’* 

— of gases, 282 

— recorder, 351 

— rise, 347 

— (scale), 361 

— testing, 365,125 
Tempering, 12 
Temporary flues, 272 

— kiln, 291 
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Tempotary moffles, 386 ' 

Tender o\a.jt, 164,169,176,840 
^Tenderness o{ numnesia bricks, 896 
'TemwioMa, 11 

-clays. It 

Test lot acid-proof bricks, 872 
Testing burning temperature, 33B 

— during drying, 174 

— lime liquor, 

Thames clay, 8 
Thermometer, 282, 843, 866 
Thermoscopes, 869, 363 
Thickness regulating, 398 
Thirds, 17 

Third stage of burning, 867 
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PREFACE 


The brickmaking industry is one of tbe oldest known, but 
most of the modem methods of manufacture are of such recent 
growth that no single volume contains a description of the most 
important ones used in this country. The result is that many 
brickmakers are using machinery and kilns of which they have 
but little knowledge, and they are labouring under the disad¬ 
vantage of not knowing what progress has been made. 

In the present volume, the Author has endeavoured to con¬ 
dense the results of a wide practical experience of all the better- 
known processes, machines, and kilns now in use—both in this 
country and on the Continent—into convenient limits, and to 
express this information in terms which shall be readily under¬ 
stood by all interested in the subject. In other words, he has 
aimed at clearing up ideas regarding the various processes and 
appliances used in modern brickmaking and to remove various 
obscurities at present prevailing in many minds. 

In this work the Author has had the hearty co-operation 
of all the chief fimis who supply machines, kilns, and other 
requirements of the brickmaker, together with the assistance of 
numerous authors of papers, booklets, and larger treatises (both 
British and Foreign). Their names will usually be- found 
attached to the illustrations, though the publication of anony¬ 
mous articles in the trade journals prevents acknowledgment in 
some cases. 

Whilst it is not possible to give a complete list, the Author 
hqreby acknowledges, with thanks, his indebtedness to all who 
have been of assistance to him in the manner indicated, as well 
as to,various members of his staff, without whose aid this 
volumg could not so readily have been written. 
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PREFACE 


"From so large a mass of material, it has often been neces¬ 
sary to describe only one machine, or kiln, of each type, indi¬ 
cating, more or less fully, the points of difference between the 
one chosen and others equally well known. In deciding which 
machine, or kiln, to select for such fuller description, the Author 
has been guided chiefly by his personal knowledge and experi¬ 
ence, prominence being given, whenever possible, to those 
designers or Anns to whom the credit of introducing the pro¬ 
cess under consideration is primarily due. 

The experienced brickmaker who wishes to develop a new 
bed of clay, or shale, as well as the capitalist unacquainted with 
the details of the various appliances, is often placed at a dis¬ 
advantage when endeavouring to choose between the claims of 
various firms. After studying such details as are given in the 
present volume, such prospective purchasers should be able to 
select a given appliance or process without so serious a risk of 
loss as if they were ignorant of the different materials to which 
each process is best adapted. It is not to be supposed that the 
study of any book will place the reader in the position of an 
expert, but a careful perusal of the present work will, it is 
hoped, enable any intelligent person acquainted with the rudi¬ 
ments of the subject, to see the reasonableness or otherwise of 
suggestions made to him by various persons and to enable him 
to make use of such new methods as are mentioned in it. 

To students, builders, civil engineers, and to those interested 
in the development of estates, as well as to brick manufacturers^ 
the present volume will, it is anticipated, prove to contain a 
useful summary of the chief matters of importance in connexion 
with the various branches of brickmaking. Those who wish 
for further information on the testing, analysis and scientific 
control of the materials and processes involved should consult 
special works (by the author and others), in which these matters- 
are more fully described. 


The White Building, 
Sheffield. 


ALFRED B. 8EAELE. 



